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STEM CELL RESEARCH 


WEDNESDAY, DECEMBER 2, 1998 

U.S. Senate, 

Subcommittee on Labor, Health and Human 

Services, and Education, and Related Agencies, 

Committee on Appropriations, 

Washington, DC. 

The subcommittee met at 9:34 a.m., in room SD-192, Dirksen 
Senate Office Building, Hon. Arlen Specter (chairman) presiding. 

Present: Senators Specter and Harkin. 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
National Institutes of Health 

STATEMENT OF HAROLD VARMUS, M.D., DIRECTOR 

OPENING REMARKS OF SENATOR SPECTER 

Senator Specter. The Subcommittee on Labor, Health and 
Human Services, and Education will now proceed. 

Senator Harkin and I discussed our agenda for the year several 
weeks ago and jointly decided that our initial hearing ought to be 
on the highly charged, very important subject about the use of 
human embryos and fetal tissue for medical research and have ac- 
cordingly scheduled this hearing today. 

Before proceeding to the hearing, just a word or two about re- 
ports of my own consideration for changing chairmanships of sub- 
committees. I will be remaining as chairman of the Subcommittee 
on Labor, Health and Human Services, and Education. I had given 
some brief consideration to a change. I was surprised, flatters, to 
hear so many people say that I should stay. 

These rumors have a way of appearing in print and sort of out 
of control. But to put that matter to rest, I shall be remaining as 
chairman of this subcommittee. 

The subject matter on our hearing today arises from a provision 
of the legislation reported out by this subcommittee last year, 
which limits the use of Federal funds for research on human em- 
bryos. That is an issue which has come into sharp focus with very 
dramatic recent medical developments, warranting a closer anal- 
ysis or perhaps a reanalysis of that question. 

There is a curious dichotomy, really an inconsistency or an argu- 
able inconsistency, when Federal funds may be used on research on 
fetal tissue, but not on human embryos. While there are very sub- 
stantial differences, the question is raised as to whether that is a 
consistent policy. 


( 1 ) 
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The recent advances have shown that the stem cells have poten- 
tial to grow into any kind of bodily tissue and have, at least report- 
edly, enormous potential on a wide variety of very serious ail- 
ments— heart disease, diabetes, Alzheimer's, cancer, spinal cord. 
We will get into a full range as we hear from our expert witnesses 
today. 

The problems with embryos are unique because the embryo has 
the potential to create a new person under some circumstances, 
and we shall explore that. There has been consideration raised 
about the use of discarded embryos where couples using fertility 
treatment discard embryos, another very complex and controversial 
and very highly charged subject. 

The ciiscussion which we will be initiating today, or carrying for- 
ward today, is one which will challenge ethicists and theologians 
as well as Senators and members of the House. The collateral ques- 
tion arises as to whether these procedures may be patented. Some 
applications have already been made for patents. So there are 
many, many questions which are raised on this very, very impor- 
tant subject because of the potential to treat illnesses of enormous 
importance and whether this is an appropriate procedure. 

That in a very brief statement, is an outline of some of our pa- 
rameters which we will expand during the course of today's hearing 
and beyond. I now turn to my distinguished colleague, the ranking 
member. Senator Harkin. 

OPENING STATEMENT OF SENATOR TOM HARKIN 

Senator Harkin. Mr. Chairman, thank you very much for your 
leadership of this committee. Thank you for holding this important 
hearing to air the ethical and scientific issues involved in stem cell 
research. I am pleased to have this opportunity to hear directly 
from Dr. Varmus, our lead-off witness, the distinguished scientists 
who have conducted this ground-breaking research, as well as from 
the ethicists who have examined the moral implications. 

While the press has highlighted the exciting potential benefits of 
Dr. Thomson and Dr. Gearhart's work, they have spent much of 
their time documenting the controversy surrounding their accom- 

E lishments. They have focused on the Federal ban on human em- 
ryos research, the ethical implications of advanced cell tech- 
nologies research with human and bovine cells, the President's re- 
quest to the National Bioethics Advisory Commission, and the sci- 
entific furor over the release of ACT's unpublished research to the 
New York Times. 

All of these issues deserve a full debate, and again I thank you, 
Mr. Chairman, for bringing us together today. I also want to thank 
you for continuing on and staying as chairman of this sub- 
committee. I had heard these rumors and I thought if they got very 
serious I was going to threaten you with great bodily harm if you 
decided to leave. So I am grateful that you did stay. 

Senator Specter. That kind of bodily harm might not be cured 
by stem cells, either. [Laughter.] 

Senator Harkin. They would have to hurry up the research. 

I want to thank Dr. West for his commitment to a public discus- 
sion of the ethical implications of stem cells research and to com- 
mend Doctors Thomson and Gearhart for their groundbreaking ac- 
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complish merits. From enabling the development of cell and tissue 
transplantation to improving and accelerating pharmaceutical re- 
search and development, to increasing our understanding of human 
development and cancer biology, the potential benefits of this work 
are awe-inspiring. The cell lines they have isolated and kept alive 
could reduce the demand for organ donors and pave the way for 
many life-saving therapies. 

They could help pharmaceutical companies improve the testing of 
their products by providing an unlimited quantity of normal human 
cells of any tissue. Therefore, rather than going directly from ani- 
mal testing to human testing, they could test these new drugs for 
benefits and adverse effects on normal human tissue. 

And undoubtedly, a long-term benefit if their work will be to en- 
hance our understanding of human development, as scientists may 
now be able to produce cells at specific stages of human develop- 
ment that have previously been inaccessible to research. 

But all of these benefits could be delayed or even denied to pa- 
tients without a healthy partnership between the private sector 
and the Federal Government. As many of you know. Senator Spec- 
ter and I are strong supporters of this partnership, and we were 
pleased to be able to provide an historic increase for NIFI in this 
year's budget and will continue to work to double the NIFI budget 
in the next few years. 

Now, while the market interest in stem cell technology is strong 
and private companies will continue to fund the research, the Gov- 
ernment has an important role to play in supporting the basic and 
applied science that underpins these technologies. The problem is 
that early basic science is always going to be underfunded by the 
private sector because this type of research does not get products 
to the market quickly enough. 

The only way to ensure that this research is conducted is to 
allow NIFI to support it. But unfortunately, as the American Soci- 
ety for Cell Biology writes in a recent letter, the ban on human em- 
bryo research "has the effect of excluding the majority of the Na- 
tion's most prominent researchers who are supported by the NIFI 
and limits the development of new therapies." 

The key question that I hope will be addressed today is whether 
under current law scientists can use Dr. Thomson's stem cells for 
federally funded research. These stem cells do not have the capac- 
ity to become a human being and, therefore, it is my opinion, based 
upon a lot of study of this, that they do not fall under the ban on 
human embryo research. 

I know that NIFI has asked the general counsel at the Depart- 
ment to examine the law and make a determination. It is my hope 
that this research will be allowed to go forward. 

I would like to point out that Federal support is critical to ensure 
that stem cell research using human embryos is monitored and 
that consistent, up to date ethical guidelines are followed. The re- 
search conducted by the distinguished scientists sitting before us 
today holds such hope and such potential for millions of people 
around the world who are sick and in pain that I believe it is mor- 
ally wrong for us to prevent or delay our world-class scientists from 
building on this progress. 
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However, I think it is right and proper for us as poiicymakers to 
consider the ethicai impiications and demand that consistent, up to 
date ethicai and scientific guideiines are estabiished and foiiowed. 

We reach, i think, in the finai anaiysis, the age-oid question: 
What are the iimits of human knowiedge? i have responded con- 
sistentiy that i do not beiieve there are any iimits to human knowi- 
edge. There are ethicai iimits that society may piace on the use of 
that human knowiedge. 

But to iimit this kind of research and to iimit this kind of expan- 
sion of human knowiedge i beiieve in the finai anaiysis is reaiiy 
unhuman. As iong as the research is conducted in an ethicaiiy vaii- 
dated manner, it shouid be aiiowed to go forward and it shouid re- 
ceive Federai support. 

Thank you, Mr. Chairman. 

Senator Specter. Thank you very much. Senator Harkin. 

in accordance with our reguiar practice, the 5-minute ruie wiii 
appiy for opening statements by each witness. There wiii be sub- 
stantiai time for questions and answers to eiaborate upon positions 
taken. 


SUMMARY STATEMENT OF DR. HAROLD VARMUS 

Senator Specter. Our iead witness is the distinguished Director 
of the Nationai institutes of Heaith, Dr. Haroid Varmus, who has 
been at the job since November 1993, passing the 5-year mark. At 
the University of Caiifornia at San Francisco he earned the Nobei 
Prize for his work on the causative iink between certain genes and 
cancer. A graduate of Amherst, Harvard, and the Coiumbia Med- 
icai Schooi. 

Again, Dr. Varmus, we weicome you and the fioor is yours. 

Dr. Varmus. Mr. Chairman and Senator Harkin: Thank you very 
much. 

First iet me express on behaif of the biomedicai research commu- 
nity and indeed the entire pubiic our pieasure with your offidai de- 
cision to remain as chairman of this committee. The team you have 
formed with Senator Harkin here has been truiy extraordinary and 
the biomedicai research community is extremeiy gratefui for your 
continued support. 

i am aiso very pieased that you are hoiding this hearing 

Senator Specter. Did you iike the $2 biiiion increase iast year? 
[Laughter.] 

Dr. Varmus. We did. Senator, and we pian to use it weii. 

Senator Specter. We have quite a number of chairs where staff 
sits. We have a iot of peopie standing. You are weicome to come 
up and sit in these green chairs aiong the sideiines on both sides, 
it shouid accommodate another 20 peopie. And you may even sit 
in the first four seats on the Senators' dais, to be repiaced if you 
do not have an eiection certificate or if a person arrives with a Sen- 
ate eiection certificate. But you are weicome to take the seats be- 
cause of the overfiow arrangements. 

Dr. Varmus. Wiii these arrangements be subtracted from my 
time. Senator? 

Senator Specter. Yes. 

Dr. Varmus. Thank you. 
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Senator Specter. We will give you all the time you need, Dr. 
Varmus. 

Dr. Varmus. Thank you. I am very pleased to have a chance to 
join you at this hearing to discuss mainly the recently published 
work by Dr. J amie Thomson and Dr. J ohn Gearhart that has ex- 
cited both the scientific community and the public. What these sci- 
entists have done is to establish lines of pluripotent human stem 
cells, cells that grow continuously in culture and are capable of 
forming many different kinds of tissues. This work does warrant 
public attention because of its scientific and medical promise and 
because of the ethical concerns that it raises. 

I briefly would like to consider five questions. First, what are 
stem cells, especially pluripotent stem cells? Second, what are the 
potential uses of these stem cells? Third, what methods have been 
used to make pluripotent stem cells? What is the ethical status of 
pluripotent stem cells? And finally and briefly, what is the role of 
N I H i n these endeavors? 

I am going to use some charts. Senator, to try to make things 
clear. 

[Chart.] 

Let me begin by pointing out that there are many different kinds 
of stem cells. Stem cells have the general properties of being able 
to renew themselves, as indicated by these arrows, to commit 
themselves to a higher degree of differentiation, a higher, more 
specialized function, and to undergo this level of commitment with 
time. Shortly after fertilization 

Senator Specter. Dr. Varmus, would you pull one of those micro- 
phones over to you a little more closely. Thank you. 

Dr. Varmus. Early in the process of the development of a human 
being, after fertilization, cells are completely potent, able to develop 
to give rise to a complete organism. Those cells are called 
totipotent. 

With time, cells become more highly specialized, resulting in the 
formation of cells we call pluripotent, able to make many different 
kinds of cells, but not give rise to an entire organism. 

Over the course of development, cells become yet more special- 
ized and develop into stem cells that are committed to certain spe- 
cific tissue lineages, like blood or muscle or liver or nerve. Such 
stem cells, that can give rise to specific tissues and are committed 
to those lineages, are found both in the course of development in 
the fetus and in adults, and you're no doubt familiar. For example, 
so-called blood or hematopoietic stem cells were recently in the 
news as a result of recent publications indicating that such stem 
cells can be isolated, for example, from cord or placental blood and 
used as a source of treatment in patients who are undergoing bone 
marrow transplantation for cancer. 

I ndeed, there is a great deal of research going on with these ma- 
ture forms of stem cells that are committed to specific lineages, and 
much of that research, supported by the NIFI and by industry, has 
achieved therapeutic status in the case of bone marrow stem cells 
or blood stem cells, and much work is going on with experimental 
animals to develop other kinds of stem cells for various kinds of 
uses. 

[Chart.] 
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But what are the great uses to which these so-called pluripotent 
stem cells might be put? There are a variety of venues for such re- 
search. First of all, since these cells are relatively primitive in their 
place in the hierarchy, they can be used to study the differentiation 
process that gives rise to many different kinds of tissues, and this 
is going to hopefully allow us to understand the origin of birth de- 
fects and to understand many abnormalities of cell behavior, such 
as occur in cancer, for example. 

That, of course, goes on at the fundamental level. These cells 
may also have many applied uses, for example in identifying tar- 
gets for development of new pharmaceuticals or for carrying out 
simple means to assess the toxicity of candidate pharmaceuticals. 

I n the realm of therapy, such stem cell lines that are pluripotent 
in character may well be useful for developing therapies that sup- 
ply missing or defective tissues in a wide variety of diseases— cells 
for patients with diabetes, heart muscle cells for patients who have 
impaired cardiac function, nerve cells for patients with a variety of 
neurodegenerative diseases, like Parkinson's or Alzheimer's, and, of 
course, bone marrow precursors for patients who have disorders of 
the blood-forming system or have been treated for cancers. 

Now, the assumption that all this work can be done is based 
upon the fundamental research necessary to learn how to effi- 
ciently differentiate pluripotent cells into the respective lineages 
and to overcome the traditional problem of tissue rejection due to 
the immune system. 

How do we get to the point of obtaining such pluripotent cells? 

[Chart.] 

Now, there are many ways that this can be done, but let me 
focus on the two that will be the subject of discussions by Doctors 
Gearhart and Thomson. I should mention that these methods were 
developed with NIH funds to study how cells develop in experi- 
mental animals, particularly the mouse. 

Let me first remind you about the normal sequence of events in 
a simple manner. Development begins, of course, with fertilization 
of an egg by a sperm, shown here as occurs in a test tube. That 
cell undergoes a series of divisions, still producing cells that are 
fully capable of giving rise to an embryo. But those cells go through 
further divisions and undergo the first round of specialization, pro- 
ducing this sac-like structure called a blastocyst, in which the cells 
that will give rise to the mature individual are referred to as cells 
within the inner cell mass. 

The blastocyst then undergoes implantation in the womb and 
eventually may give rise to a fetus, which eventually may give rise 
to a newborn infant. 

I n the work conducted by Dr. Thomson, cells were taken from the 
inner cell mass and placed into a petri dish under defined condi- 
tions that he will describe for you and were then grown in culture, 
producing what are referred to as pluripotent cells and proved to 
be so by a variety of criteria. 

I n Dr. Gearhart's work, cells were taken from the gonadal region 
of a fetus which was obtained from a terminated pregnancy. These 
cells from the gonadal region, so-called primordial germ cells, were 
cultured under specialize conditions and proven by a variety of 
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tests to be capable of giving rise to a variety of tissues— hence this 
cell line was also called pluripotent. 

[Chart.] 

Let me say a few words about the status of such cells. There are 
many issues to be raised about the cells that we're talking about 
today, but one of those questions is whether these cells have the 
ability to give rise to a complete human being. The answer to that 
from a scientific perspective is no. 

I remind you that cells that are developed by fertilization, cells 
early in development, or intact blastocysts can, when reintroduced 
into a womb, give rise to an infant, whereas cells removed from the 
inner cell mass or grown as cultured pluripotent stem cells if re- 
introduced into a uterus do not give rise to a new human being. 
Hence, these pluripotent cells cannot be considered organisms and 
cannot be considered to be embryos. 

Now, let me turn at this point to a few additional considerations. 
Despite what I have just told you about the fact that pluripotent 
stem cells are not organisms and are not embryos, because 
pluripotent stem cells are derived from human organisms early in 
their development, the use of these cells has raised legitimate pub- 
lic concerns and the cells do deserve special ethical consideration. 

As you will hear from the final panel of witnesses, there is a 
wide range of views about the moral status of these cells and the 
developmental states from which they are derived. These views 
must, in my opinion, be taken into consideration in doing research 
with such cells. 

For example, in 1994 the NIH issued a report from its panel on 
human embryo research that carefully reviewed the medical bene- 
fits and the ethical quandaries that are presented by these and 
other types of experiments. Then, 2 weeks ago President Clinton 
asked the National Bioethics Advisory Commission to give him fur- 
ther advice in the wake of recent publications. 

Finally and briefly, what is the role of NIH in these endeavors? 
Federal funds were not used in the experimental work that you 
will hear about from Doctors Gearhart and Thomson concerning 
human cells. The funding of Dr. Thomson's work by the NIH was 
indeed forbidden by an amendment to our appropriation bill. He 
used embryos that were remaining in an in vitro fertilization clinic, 
donated by parents who had successfully achieved pregnancy in a 
treatment for infertility. Funding of Dr. Gearhart's work by the 
NIH would have been possible under existing law, but he obtained 
support from private industry instead. 

Now, I cannot overemphasize that we at the NIH see enormous 
promise in the work that is being discussed here today. We also be- 
lieve that it is beneficial, in general, for medical research to be con- 
ducted in the public domain, with open dialog, with careful over- 
sight, and with maximum opportunity for participation by the best 
minds in our country. 

But, we also respect existing laws. We recognize the need for 
public education about these complex issues, such as is occurring 
today, and we insist on clear guidelines and careful oversight for 
any research that might be carried out with these cell lines or 
other controversial materials under Federal law. 
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PREPARED STATEMENT 

Again, I thank you, Senator, for having the subcommittee pro- 
vide a venue for this important discussion, and I will be very 
pleased to answer any questions that you might have. 

Senator Specter. Thank you very much. Dr. Varmus. We have 
turned off the red light to allow you to describe in somewhat great- 
er detail the specifics here. 

[The statement follows:] 

Prepared Statement of Harold Varmus M.D. 

Mr. Chairman and Members of the Subcommittee, I am Harold Varmus, Director 
of the National Institutes of Health. I am pleased to appear before you to discuss 
recent published reports on the isolation and propagation of the first human 
pluripotent stem cell lines. These findings, reported by Drs. John Gearhart from 
j ohns Hopkins University and J ames Thomson from the University of Wisconsin, 
bring medical research to the edge of a new frontier that is extraordinarily prom- 
ising. The development of human pluripotent stem cell lines deserves close scientific 
examination, further evaluation of the promise of the research, and careful consider- 
ation and open discussion of the ethical and legal issues. I want to thank you for 
the opportunity to discuss this important issue with you and the Members of this 
Subcommittee. 

Why the excitement? For the first time, scientists have obtained human stem cells 
that can give rise to many types of cells in our body. Let me briefly describe these 
experiments. Dr. Thomson and coworkers derived stem cell lines from embryos do- 
nated by couples undergoing in vitro fertilization (IVF) as part of treatment for in- 
fertility. These cells were grown in culture and found to divide indefinitely and have 
the ability to form cells of the three major tissue typesendoderm (which goes on to 
form the lining of the gut), mesoderm (which gives rise to muscle, bone and blood) 
and ectoderm (which gives rise to epidermal tissues and the nervous system). The 
ability of the cells to specialize into the three major tissues types is an important 
indicator that these cells are pluripotent. Dr. Gearhart and his coworkers derived 
pluripotent stem cells from fetal gonadal tissue destined to form germ cells. When 
grown in culture, these cells resemble other types of pluripotent stem cells in that 
they, like the cells from Dr. Thomson's work, also can develop into cells of the three 
major tissue types. 


WHAT ARE STEM CELLS? 

As policy makers proceed to consider the scientific, ethical and societal issues 
raised by this research, it is absolutely essential to clarify terms and definitions. 
There are many types of stem cells. In general, they all have the ability to divide 
(and self renew) and to commit to a more specialized function. There is a hierarchy 
of stem cell types. Some stem cells are more committed than others. Some stems 
cells— the pluripotent stem cell we are discussing today— have the ability to become 
many, but not all, of the cells types in the human body. 

Through processes we are only beginning to understand, primitive stem cells can 
be stimulated to become specialized, so that they are precursors to any one of many 
different cell types such as muscle cells, skin cells, nerve cells, liver cells. Unlike 
the stem cells from which they are derived, these specialized cells are "committed" 
to a particular function. 

All stem cells have the capability of self-renewal, i.e., they can continually repro- 
duce themselves. Cells from the very earliest embryo (up to about the 16 cell stage) 
are totipotent stem cells. They are "totally potent" or totally capable of forming all 
cells of the body, including the cells required to support embryonic and fetal devel- 
opment. Each cell of this early embryo has the potential to develop into a human 
being. 

After a few days of development, the early embryo forms a hollow ball of cells, 
called a blastocyst. This is the next stage of embryonic development. The clustered 
cells within this ball are called the inner cell mass. The cells in the inner cell mass 
are not totipotent. Rather, they are pluripotent. Pluripotent stem cells are more 
"committed" than totipotent stem cells. Unlike the fertilized egg, or the early em- 
bryo, or the intact blastocyst, neither the disaggregated inner cell mass nor the 
pluripotent stem cells derived from it (nor the pluripotent stem cells derived from 
fetal germ cells) will produce a human being even if returned to a woman's uterus. 
These cells do not have the potential to form a human being, because they do not 
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have the capacity to give rise to the ceiis of the piacenta or other extraembryonic 
tissues necessary for impiantation, nor can they support fetai deveiopment in the 
uterus. 

During fetai development, pluri potent stem cells become even more committed, i.e, 
they have the capacity to form only one or a few different kinds of cells. For exam- 
ple, hematopoietic stem cells can form all the blood cells, but no other tissue types. 
The adult human being continues to harbor many types of stem cells responsible 
for the body's ability to repair some but not all tissues. Stem cells that permit new 
skin growth and renewal of blood cells are two examples. 

POTENTIAL APPLICATIONS OF PLURI POTENT STEM CELLS 

There are several important reasons why the isolation of human pluripotent stem 
cells is, indeed, important to science and for the future of public health. At the most 
fundamental level, pluripotent stem cells could help us to understand the complex 
events that occur during human development. A primary goal of this work would 
be the most basic kind of research— the identification of the factors involved in the 
cellular decision-making process that determines cell specialization. We know that 
turning genes on and off is central to this process, but we do not know much about 
these "decision-making" genes or what turns them on or off. Some of our most seri- 
ous diseases, like cancer, are due to abnormal cell differentiation and growth. A 
deeper understanding of normal cell processes will allow us to further delineate the 
fundamental errors that cause these deadly illnesses. 

Fluman pluripotent stem cell research could also dramatically change the way we 
develop drugs and test them for safety and efficacy. Rather than evaluating safety 
and efficacy of a candidate drug in an animal model of a human disease, these drugs 
could be tested against a human cell line that had been developed to mimic the dis- 
ease processes. This would not replace whole animal and human testing, but it 
would streamline the road to discovery. Only the most effective and safest candidate 
would be likely to graduate to whole animal and then human testing. 

Perhaps the most far-reaching potential application of human pluripotent stem 
cells is the generation of cells and tissue that could be used for transplantation, so- 
called cell therapies. Many diseases and disorders result from disruption of cellular 
function or destruction of tissues of the body. Today, donated organs and tissues are 
often used to replace the function of ailing or destroyed tissue. Unfortunately, the 
number of people suffering from these disorders far outstrips the number of organs 
available for transplantation. Pluripotent stem cells stimulated to develop into spe- 
cialized cells offer the possibility of a renewable source of replacement cells and tis- 
sue to treat a myriad of diseases, conditions and disabilities including Parkinson's 
and Alzheimer's disease, spinal cord injury, stroke, burns, heart disease, diabetes, 
osteoarthritis and rheumatoid arthritis. There is almost no realm of medicine that 
might not be touched by this innovation. Let me expand on two of these examples. 

Transplant of healthy heart muscle cells could provide new hope for heart attack 
victims. The hope is to develop heart muscle cells from human pluripotent stem cells 
and transplant them into the failing heart muscle in order to augment the function 
of the heart. Preliminary work in mice and other animals has demonstrated that 
healthy heart muscle cells transplanted into the heart successfully repopulate the 
heart tissue and integrate with the host cells. These experiments show that this 
type of transplantation is feasible. 

I n the many individuals who suffer from Type I diabetes, the production of insulin 
by the pancreas by specialized cells called islet cells is disrupted. There is evidence 
that transplantation of either the entire pancreas or isolated islet cells could miti- 
gate the need for insulin injections. Islet cell lines derived from human pluripotent 
stem cells could be used for this critical research and, ultimately, for transplan- 
tation. 

While I have taken this opportunity to outline the promise of this research, there 
is much to be done before we can realize these innovations. First, we must do the 
basic research to understand the cellular events that lead to cell specialization in 
the human, so that we can direct these pluripotent stem cells to become the typefs) 
of tissue needed for transplantation in great numbers. And before we can use these 
cells for transplantation, we must overcome the well-known problem of immune re- 
jection. Because human pluripotent stem cells derived from embryos or fetal tissue 
would likely be genetically different from the recipient, future research would need 
to focus on modifying human pluripotent stem cells to minimize tissue incompati- 
bility. Technological challenges remain before these discoveries can be incorporated 
into clinical practice. These challenges, though significant, are not insurmountable. 
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HOW ARE PLURIPOTENT STEM CELLS PRODUCED? 

There are several ways to produce human pluripotent stem cells. These methods 
have been developed over the past 17 years by researchers working with animals. 
The work you will hear about today builds on this Important basic animal research. 

As I mentioned earlier, one method of creating these pluripotent stem cells was 
described by Dr. Thomson and his coworkers. The techniques they used were Ini- 
tially developed using mice. Dr. Thomson first made stem cells from non-human pri- 
mates. In the most recent work, they used Inner cell mass cells from blasto^st 
stage human embryos that were created In the course of Infertility treatment and 
donated by couples for research to derive stem cells. The researchers allowed cell 
division to continue In culture to the blastocyst stage and then removed the Inner 
cell mass, which was cultured to derive pluripotent stem cells. 

Pluripotent stem cells can also be derived from fetal tissue, as was first done 
using primordial germ cells from mouse fetal tissue. Dr. Gearhart and coworkers 
Isolated human primordial germ cells, the cells that will go on to become eggs and 
sperm, from 5-9 week old fetal tissue obtained after pregnancy termination. When 
grown In culture, these stem cells appear to be pluripotent. 

It may also be possible to make human pluripotent stem cells by using somatic 
cell nuclear transfer— the technology that received so much attention with the an- 
nouncement of the birth of the she^, Dolly. Although there has been no scientific 
publication of this to date, presumably any cell from the human body (except the 
egg or sperm cell) could be fused with an enucleated egg cell and stimulated to re- 
turn to highly Immature, pluripotent and possibly totipotent state. 

THE ROLE OF THE FEDERAL GOVERNMENT 

Federal funds were not used In either of the experiments that you will hear about 
today. First, let me first address Dr. Thomson's work In which cells were derived 
from embryos created by In vitro fertilization but not used for Infertility treatment. 
This work falls clearly within the Congressional ban on human embryo research. 
NIFI could not, and did not, support Dr. Thomson's recent work developing this cell 
line. The same restrictions do not apply to Dr. Gearhart's work, although It may 
be governed by other laws and regulations. Dr. Gearhart derived his pluripotent 
stem cells from fetal tissue from terminated pregnancies. The Public Flealth Service 
Act authorizes Federal funding of human fetal tissue research and provides safe- 
guards for Its conduct. The department may conduct or support research on the 
transplantation of human fetal tissue for therapeutic purposes If a number of statu- 
tory requirements are met. Thus, If Dr. Gearhart's research falls within these 
boundaries, NIFI could have supported his recent work deriving pluripotent stem 
cells from fetal tissue, as long as he followed these Federal statutes and regulations. 
For the record, Nl FI did not, however, support any of this research. 

ETHICAL ISSUES 

1 have just described the science and the medical promise of research on the 
pluripotent stem cell. But the realization of this promise Is also dependent on a full 
and open examination of the social and ethical Implications of this work. The fact 
that these stem cells were produced from embryos and fetal tissue raises a number 
of ethical concerns Including, for example, the need to ensure that stem cell research 
not encourage the creation of embryos or the termination of pregnancies for research 
purposes. 1 n strict accordance with the President's 1994 directive, no Nl FI funds will 
be used for the creation of human embryos for research purposes. We also will con- 
tinue to abide by relevant statutes. 

The ethical and social Issues associated with stem cell research are complex and 
controversial and require thoughtful discourse In public fora to reach resolution. To 
this end, the President has asked the National Bioethics Advisory Commission to 
undertake a thorough review of the Issues associated with human stem cell re- 
search, balancing all ethical and medical considerations. 

SUMMARY 

The development of cell lines that may produce almost every tissue of the human 
body Is an unprecedented scientific breakthrough. It Is not too unrealistic to say 
that this research has the potential to revolutionize the practice of medicine and Im- 
prove the quality and length of life. 

Mr. Chairman, 1 am grateful to you for providing a forum to present Information 
about this promising arena of science and medicine. 1 would be pleased to answer 
any questions you might have. 



NONDEPARTMENTAL WITNESSES 

STATEMENT OF JOHN D. GEARHART, Ph.D., PROFESSOR OF GYNE- 
COLOGY AND OBSTETRICS, JOHNS HOPKINS UNIVERSITY 
SCHOOL OF MEDICINE 

Senator Specter. I think it would be useful— we have a very 
long list of witnesses— if we invited at this time the next three wit- 
nesses to join the panel because we will be talking about very simi- 
lar subjects, and then we will return to the question and answer 
session. So let me call now for Dr. j ohn Gearhart, Dr. j ames 
Thomson, and Dr. Michael West to join us at the panel. 

Our first witness is Dr. j ohn Gearhart, a professor of gynecology 
and obstetrics at j ohns Hopkins University. Dr. Gearhart receive 
his undergraduate degree from Penn State and his Ph.D., from 
Cornell University in genetics, and has some very fascinating re- 
sults to report to us here this morning. 

So we will begin with you. Dr. Gearhart. We would like to ob- 
serve the 5-minute time limit, leaving the maximum amount of 
time for questions and answers. Thank you for joining us and the 
floor is yours. 

Dr. Gearhart. Thank you for the opportunity to appear before 
the committee and to provide the committee with insight into the 
research in which we have been engaged for the last 5 years. I feel 
strongly that the medical benefits of this research will be enormous 
and that we are excited about its potential. 

Dr. Varmus has covered the salient features of embryonic or 
pluripotent stem cells. I would like to reinforce a few points and 
then I would like to tell you how we performed our experiments. 

The most important point I think to be reinforced is the fact that, 
although these cells can form many different cell types, they are 
unable by themselves to form an embryo or a human being. 

A bit of perspective. For the past 20 years I have been involved 
in Down Syndrome research. This research has been sponsored 
through the National Institutes of Health, and one of the conclu- 
sions from our studies of 20 years is that many of the events that 
lead to the abnormalities that one sees in Down Syndrome occur 
very early during pregnancy, very early in embryogenesis, at stages 
that we cannot have access to. 

In studies from the mouse using embryonic stem cells, we are 
able to look at very early developmental events utilizing these cells, 
and thus our desire to establish human cells with which we can 
study aspects of early development, focusing on Down Syndrome. 

[Chart.] 

The procedure that we used in the laboratory is depicted on the 
first placard. We obtained from autopsy material, fetal autopsy ma- 
terial, this structure here— I hope I do not blind somebody— which 
is a very small piece of tissue in which the primordial germ cells 
reside from the period of 5 to 7 weeks post-fertilization. This piece 

( 11 ) 
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of tissue is dissociated, placed in culture under certain conditions 
such that these cells will grow, the germ cells, and will convert, for 
lack of a scientific term, into a pi uri potential stem cell. 

I want to emphasize that this technology was first developed in 
the mouse and we adapted it to the human. We did not have to 
work it out in the human per se, just adapt it. 

These cells, as depicted in our publication, have many of the 
properties of embryonic stem cells. Our studies have followed Fed- 
eral, that is FDA and NIFI, guidelines. State guidelines, and insti- 
tutional guidelines. Our research has been rigorously reviewed an- 
nually by the J ohns Flopkins School of Medicine institutional re- 
view board, which considers not only scientific merit but also eth- 
ical considerations of the work. 

What of the application of this work? Well, we have mentioned 
several times here its use in tissue transplantation, birth defects 
studies, et cetera. My main interest coming into this has been in 
aspects of birth defects, and directed primarily to Down Syndrome. 

[Chart.] 

I would like to show you on the next placard, though, some more 
recent results. What is depicted here are images of mature human 
neurons that have been grown from embryonic stem cells in cul- 
ture. Embryonic stem cells have been grown for a period of 3 
months and then treated over a period of 5 days so as to encourage 
these cultures to form neurons. They are human, they have the fea- 
tures of neurons, and this would go to show, I think, some of the 
power of this technology from the standpoint of being able to derive 
these different tissues in culture which could perhaps then be used 
for tissue transplantation studies. 

PREPARED STATEMENT 

In conclusion, I firmly believe that this research holds the poten- 
tial for treatments of catastrophic and debilitating diseases and in- 
juries that affect millions of Americans. What is needed to realize 
this potential as soon as possible is Federal support and oversight 
such as that that the NIFI could provide and that the investigators 
in this area not be restricted in their endeavors, so that we may 
bring the products of this technology to the patients as soon as pos- 
sible. 

Thank you, Mr. Chairman. 

Senator Specter. Thank you very much. Dr. Gearhart. 

[The statement follows:] 

Prepared Statement of J ohn Gearhart 

My name is J ohn Gearhart and I am a Professor of Gynecology and Obstetrics 
at the J ohns Hopkins University School of Medicine. My research interests are in 
how genes regulate the formation of tissues and embryos. For the past 18 years my 
research has focused on Down Syndrome in attempts to determine the causes of the 
birth defects characteristic of this syndrome, with special emphasis on mental retar- 
dation. As a result of our studies, it is apparent that the events leading to the many 
birth defects characteristic of the syndrome occur in the very early stages of the em- 
bryo's development, at stages not accessible for study. Because of this limitation, I 
sought to develop another approach that would enable us to study theses key 
events. The approach I sought was to use human pi uri potential stem cells (hPSC). 
HPSCs will enable us to study the formation of specific tissues that would reveal 
the cellular mechanisms resulting in the pathogenesis found in Down Syndrome. 
Knowing how and when abnormalities arise will enable us to design therapies to 
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ameliorate the devastating effects of developmental disabilities and enable individ- 
uals to have a better quality of life. 

In order to use human stem cells in the study of birth defects, the first step was 
to culture hPSCs in the laboratory, something that had not been done before we 
began our attempts in 1993. Over several years I was able to put together a re- 
search team consisting of Drs. Michael Shamblott, Peter Donovan, J ohn Littlefield, 
Paul Blumenthal, and George Huggins, with the excellent technical support of Eliz- 
abeth Bugg and J oyce Axelman. This past year, Shunping Wang, a graduate stu- 
dent, joined the team. On November 10th of this year we reported in the Pro- 
ceedings of the National Academy of Sciences our results on the culturing of cells 
with properties of hPSCs. A copy of that paper is submitted with this testimony. 

I would like to place our recent work on hPSCs in perspective. hPSCs are unique 
cells in that they have both the capacity to form any of the over 200 different cell 
type in the body and to self-renew the stem cell population. These properties can 
be realized in the laboratory, that is, the stem cells can be grown indefinitely in tis- 
sue cultures dishes and, under appropriate culture conditions, they will form other 
cell types. It is important to note that while these cells have the capacity to form 
a variety of cell types, they cannot form embryos. Our laboratory used primordial 
germ cells (PGCs) as starting material to derive the stem cells. PGCs are cells 
whose descendants are sperm and eggs. PGCs were collected from autopsy material 
of therapeutic pregnancy terminations and placed in tissue culture. Over a period 
of two weeks in cufture the PGCs develop into pi uri potential stem cells. 

It has been well documented from animal studies that PSCs have full develop- 
mental potential. Both in animals and in the culture dish, these cells can form a 
wide variety of cell types including blood cells, blood vessels, skeletal and cardiac 
muscle, and nerve tissue have been shown to develop from these cells in the labora- 
tory. I have presented examples here today of nerve cells produced in the laboratory 
from the human stem cells. 

Although we can demonstrate a variety of cell types formed in the laboratory from 
these cells, we do not yet know how to control which cell types will form. This is 
one of the next challenges, to determine how to direct all the stem cells in the cul- 
ture dish to form specific cell types, such as pancreatic islet cells, cholinergic neu- 
rons, dopaminergic neurons, cardiac muscle, lymphocytes, etc. These cell types are 
at risk in some of our more devastating diseases and a tissue culture source would 
be ideal for therapies that are mentioned below. The time frame for accomplishing 
this phase of the research will be directly correlated to the research efforts of lab- 
oratories involved in this research effort. Only a supportive research environment, 
both in terms of policy and resources, will move this work forward rapidly. 

What is to be gained from studies using hPSCs? I mentioned that my group's ini- 
tial motivation in attempting to isolate a human pluripotent line was to provide a 
powerful tool for determining the bases of the abnormalities seen in Down Syn- 
drome, something we have been studying for two decades. We have learned that the 
bases for many of the features of this syndrome are initiated very early in the em- 
bryo. Without a human pluripotential cell line, it would be impossible to study the 
cells and tissue in which these features are initiated. However, with this tool sci- 
entists may better understand mechanisms behind theformation, and malformation, 
of distinct tissue types. With this understanding, biomedical science may someday 
be able to alleviate the worst of these features, such as mental retardation, in Down 
Syndrome as well as other genetically based developmental abnormalities. Without 
question, hPSCs will have the greatest impact on medicine through their utilization 
in tissue transplantation therapies in which tissues or cells are engrafted into or- 
gans, which have been destroyed through disease or injury. Tissue transplantation 
therapy has become increasingly important in the last two decades. Traditional tis- 
sue transplantation therapies utilize such tissues as bone marrow, bone, skin, etc. 
However, as each day passes, new therapies are envisioned which tax current dona- 
tion protocols. An example of such a novel therapy is the use of tissue transplan- 
tation for the treatment of Parkinson's Disease. This therapy began with the trans- 
plantation of the patient's own dopaminergic adrenal medullary tissue into the de- 
generating portions of the brain. The next development in the treatment of Parkin- 
son's was the utilization of fetal neural tissue instead of adrenal tissue. The fetal 
tissue, due to its more plastic state and its ability to grow and integrate into the 
host environment, offers an effective treatment of Parkinson's disease. 

With the rise of these novel tissue transplantation therapies, equally novel graft 
resources have been sought. These include adult-derived stem cells, such as those 
found in muscle: genetically engineered graft tissue, non-human animal tissue, 
human fetal tissue and, finally, the use of hPSCs. Eventually, through our abilities 
to control what cell types are formed from the stem cells in the laboratory and 
through the optimization of transplantation protocols, the hPSCs will enable a pan- 
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opiy of new treatments. Along with Parkinson's disease, it is likely that the symp- 
toms of other neurodegenerative disorders and injuries, such as Alzheimer's disease, 
Huntington disease, stroke and spinal cord injury could be effectively ameliorated 
and quality of life improved. Neurodegenerative disorders are by no means the only 
conditions to which the use of human pluri potent stem cells could apply. The bank- 
able pi uri potential stem cells could be induced to form insulin-producing pancreatic 
b-cells to make diabetics less dependent on insulin injection. Muscle stem cells could 
also conceivably be produced from human pi uri potential stem cells in a large enough 
yield to help those with muscular dystrophies regain better motor control. Cardiac 
muscle stem cell could be derived and subsequently used to help in the treatment 
of degenerative heart disease and perhaps decrease the necessity of more com- 
plicated and more costly whole organ transplantation. 

One of the major limitations of tissue transplantation is the issue of graft rejec- 
tion. The patient's immune system must be compromised to allow for the presence 
of the graft. This generally involves the use of powerful drugs with side affects. In 
animal studies, it has been found that stem cells can be genetically manipulated so 
as to modify graft rejection. It may eventually be possible to produce universal 
donor cell lines in the laboratory through the use of hPSCs. 

The capability of hPSCs to form a variety of cell types, their ability to self-renew 
in the laboratory (and to be banked) and their ability to be genetically manipulated 
to enhance their transplantation efficiency, all support the contention that these 
cells will bean invaluable resource in transplantation medicine. 

Our research has been reviewed and approved annually by the Institutional Re- 
view Board of thej ohns Hopkins University School of Medicine whose composition 
includes ethicists, religious leaders, lay people, and doctors. This committee insures 
that we are in compliance with all Federal, State and institutional requirements, 
from patient consent, to record keeping, to safety. This committee considers ethical 
issues as well as the scientific merit and research protocols. Our research on stem 
cells has been supported through endowment funds to my division in Gynecology 
and Obstetrics until last year, when we received funding from Geron Corporation 
of Menlo Park, CA. My involvement with Geron Corporation has been reviewed and 
approved by the Conflict-of-interest Committee for thej ohns Hopkins University 
School of Medicine. 

In conclusion, research with pluripotent human stem cells holds enormous prom- 
ise for treatments of catastrophic and debilitating diseases and injuries affecting 
millions of Americans. To realize the full medical potential of these cells, it is imper- 
ative that this work goes forward in a supportive research environment with appro- 
priate overview and regulation. It is my opinion that this work should be eligible 
for Federal funds and that the National Institutes of Health should be given the 
responsibility to develop policy and guidelines, review research applications, and 
award research grants on human pi uri potential stem cells. Only through the mecha- 
nism of NIH oversight and support will the American people be assured that the 
medical benefits of these cells for alleviating suffering will progress as rapidly as 
possible and that any concerns that they may have will betaken into account. 

Thank you for the opportunity to address the committee on this important issue. 

This statement was prepared with the assistance of Brian Edwards. 

STATEMENT OF JAMES THOMSON, Ph.D., ASSOCIATE RESEARCH ANI- 
MAL VETERINARIAN, WISCONSIN REGIONAL PRIMATE RE- 
SEARCH CENTER 

Senator Specter. We turn now to Dr. J ames Thomson, Associate 
Research Animal Veterinarian at the Wisconsin Regional Primate 
Research Center, a graduate of the University of Pennsylvania in 
veterinary medicine, a Ph.D. in molecular biolc^y, author of numer- 
ous scientific publications in his field. 

Thank you for joining us. Dr. Thomson. The floor is yours. 

Dr. Thomson. I would like to thank the committee for inviting 
me. What I have to say overlaps a great deal with what Dr. 
Varmus and Dr. Gearhart said, so I will be fairly brief. 

My group has recently reported the derivation of human embry- 
onic stem cell lines. As you have heard, these are undifferentiated 
cells. This means that they do not look like the cells that make up 
the adult body. They are not yet committed to become specific 
things. These undifferentiated cells 
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Senator Specter. People are straining to hear you in the audi- 
ence, so would you put the microphone closer, please. 

Dr. Thomson. These undifferentiated cells can proliferate in tis- 
sue culture indefinitely. That means we can make as many of these 
cells as we want to and we know no biological limit to the numbers 
of these cells we can make. 

What is important about these cells is that, even after prolonged 
culture for months and potentially years, they maintain the ability 
to form many, if not all, of the cells that make up the adult body. 

Now, our cells differ in their source, where they came from, com- 
pared to Dr. Gearhart's. Our cells were derived from the pre-im- 
plantation embryo. They were derived from in vitro-fertilized pro- 
duced embryos, and these were produced for clinical purposes, but 
they are in excess of the clinical needs of the couples and the cou- 
ples donated them specifically for this project instead of actually 
discarding them. The informed consent process was detailed and 
specified the purpose of the research, its context, and its implica- 
tions. 

Now, as you have heard, human embryonic stem cells are impor- 
tant because they could provide large purified populations of 
human cells, such as muscle cells, pancreatic cells, or neurons for 
transplantation therapies. Many diseases, including diseases such 
as juvenile onset diabetes and Parkinson's disease, result from the 
death or dysfunction of just one or a few cell types, and the replace- 
ment of those cell types can potentially offer life-long treatments. 

These cells are also important because they will offer insights in 
development events that cannot be studied directly in the intact 
human embryo, but which have important consequences in clinical 
areas, including birth defects and fertility and pregnancy loss, and 
j ohn Gearhart touched on Down Syndrome, for example. 

Screening tests that use specific ESL derivatives will allow the 
identification of new drugs, the identification of genes that could be 
used for tissue regeneration therapies, and the identification of 
toxic compounds. 

Although the long-term potential for human therapies resulting 
from human ESL cell-line research is enormous, these therapies 
will take years to develop. Significant advances in developmental 
biology and transplantation medicine are required, but I believe 
that therapies resulting from human ESL research will become 
available within my lifetime. 

How soon such therapies will be developed will depend on wheth- 
er there is public support of research in this area. Private compa- 
nies will have an important role in bringing new ESL-related 
therapeutics to the marketplace. However, the current ban in the 
United States on the use of NIH funding for human embryo re- 
search discourages the majority of the best U.S. researchers from 
advancing this promising area of medical research. 

Human pre-implantation embryo research was reviewed in depth 
by the NIH human embryo research panel 1994. The NIH panel 
recognized the therapeutic promise of human embryo research, 
while recognizing that the human embryo warrants serious moral 
considerations as a developing form of human life. For these rea- 
sons the panel concluded in part: 
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Federal Funding and Regulation 

It is in the pubiic interest that the avaiiabiiity of Federai funding and reguiation 
shouid provide consistent ethicai and scientific review for this area of research. The 
panei believes that, because the pre-impiantation embryo possesses quaiities requir- 
ing morai respect, research invoiving the ex utero pre-impiantation embryo must be 
carefuiiy reguiated and consistentiy monitored. 

I agree with these conclusions. 

PREPARED STATEMENT 

This hearing on embryonic stem cell research is timely and I 
hope that I can help you better understand the work we have done 
and its medical and ethical implications. I would be pleased to an- 
swer any of your questions. 

Senator Specter. Thank you very much, Dr. Thomson. 

[The statement follows:] 

Prepared Statement of J ames A. Thomson 

OVERVIEW 

My name is J ames Thomson and I'm a developmental biologist at the University 
of Wisconsin-Madison. My group has recently reported the derivation of human Em- 
bryonic Stem (ES) cells that can proliferate indefinitely in tissue culture and yet 
maintain the potential to form many, and possibly all, adult cell types. Human ES 
cells thus provide a potentially unlimited source of specific differentiated cell types 
for basic biological research, pharmaceutical development, and transplantation 
therapies. These human ES cell lines were derived from in vitro fertilized embryos 
before the formation of any fetal structures. These embryos were produced by in 
vitro fertilization for clinical purposes, but were in excess of clinical needs and were 
donated after informed consent. The informed consent process was detailed and 
specified the purposed of the research, its context, and its implications. 

Human ES cell lines are important because they could provide large, purified pop- 
ulations of human cells such as heart muscle cells, pancreatic cells, or neurons for 
transplantation therapies. Many diseases, such as juvenile onset diabetes mellitus 
and Parkinson's disease, result from the death or dysfunction of just one or a few 
cell types, and the replacement of those cells by transplantation could offer lifelong 
treatment. Human ES cells are also important because they will offer insights into 
developmental events that cannot be studied directly in the intact human embryo, 
but which have i mportant consequences in clinical areas, including birth defects, in- 
fertility, and pregnancy loss. Screening tests that use specific ES cell derivatives 
will allow the identification of new drugs, the identification of genes that could be 
used for tissue regeneration therapies, and the identification of toxic compounds. 

Although the long-term potential for human therapies resulting from human ES 
cell line research is enormous, these therapies will take years to develop. Significant 
advances in developmental biology and transplantation medicine are required, but 
I believe that therapies resulting from human ES cell research will become available 
within my lifetime. How soon such therapies will be developed will depend on 
whether there is public support of research in this area. Private companies will have 
an important role in bringing new ES cell-related therapeutics to the marketplace: 
however, the current ban in the U.S. on the use of Federal funding for human em- 
bryo research discourages the majority of the best U.S. researchers from advancing 
this promising area of medical research. Human preimplantation embryo research 
was reviewed in depth by the National Institutes of Health (NIH) Human Embryo 
Research Panel in 1994. The NIH Panel recognized the therapeutic promise of 
human embryo research while recognizing that the human embryo warrants serious 
moral consideration as a developing form of human life. For these reasons, the panel 
concluded in part, "It is in the public interest that the availability of Federal fund- 
ing and regulation should provide consistent ethical and scientific review for this 
area of research. The Panel believes that because the preimplantation embryo pos- 
sesses qualities requiring moral respect, research involving the ex utero 
preimplantation human embryo must be carefully regulated and consistently mon- 
itored." I agree with these conclusions. This hearing on embryonic stem cell line re- 
search is timely. I hope I can help you better understand the work we have done 
and its medical and ethical implications, and I would be pleased to answer any 
questions that you have. 
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WHAT ARE HUMAN EMBRYONIC STEM CELLS? 

In the adult mammal, cells with a high turnover rate are repiaced in a highiy 
reguiated process of proiiferation, differentiation, and programmed celi death from 
undifferentiated aduit "stem ceiis". Tissues from which stem ceiis have been exten- 
siveiy studied inciude biood, skin, and the intestine. In the human small intestine 
for example, approximately one hundred billion cells are shed and must be replaced 
daily. Although various definitions have been proposed, characteristics of adult stem 
cells generally include: (i) prolonged proliferation, (ii) self-maintenance, (ill) genera- 
tion of large numbers of progeny with the principle phenotypes of the tissue, (iv) 
maintenance of developmental potential over time, and (v) the generation of new 
cells in response to injury. Thus, stem cells in the adult sustain a relatively constant 
number of cells and cell types. Several properties of adult stem cells limit their 
therapeutic potential. First, all adult stem cells are committed to becoming a rel- 
atively restricted number of cell types. Second, although adult stem cells can divide 
for prolonged periods, cell division can occur only a finite number of times, so there 
is a limit to how much they can be expanded in tissue culture. Third, the sustain- 
able culture of adult stem cells has not yet been achieved. And fourth, several tis- 
sues of clinical importance, such as the heart, completely lack stem cells in the 
adult. Thus, after a heart attack, when heart muscle dies, there is no regeneration 
of heart muscle, only the formation of non-functional scar tissue. 

In contrast to the adult, embryonic cell proliferation and differentiation elaborates 
an increasing number of cells and cell types. In mammals, each cell of the cleavage 
stage embryo has the developmental potential to contribute to any embryonic or 
extraembryonic cell type, but by the blastocyst stage, cells on the outside of the em- 
bryo (the trophectoderm) are committed to a particular cell type found in the pla- 
centa (Figure 1). The cells on the inside of the blastocyst (the inner cell mass) con- 
tribute to all the tissues of the embryo proper. Soon after the blastocyst stage, cells 
of the inner cell mass develop into cells that are developmental I y restricted to par- 
ticular lineages. Because the cells of the inner cell mass proliferate and replace 
themselves in the intact embryo for a very limited time before they become com- 
mitted to specific lineages, they do not satisfy the criteria for stem cells that are 
applied to adult tissues. In contrast, if the inner cell mass is removed from the nor- 
mal embryonic environment and dissociated under appropriate conditions, the cells 
will remain undifferentiated, replace themselves indefinitely, and maintain the de- 
velopmental potential to contribute to all adult cell types. Thus, these inner cell 
mass-derived cells satisfy the criteria for stem cells outlined above, and they are re- 
ferred to as embryonic stem (ES) cells. The derivation of mouse ES cells was first 
reported in 1981. We have recently described the isolation of human ES cell lines 
that satisfy the following criteria for ES cells: (i) derivation from the pre- or per- 
implantation embryo, (ii) prolonged undifferentiated proliferation, and (ill) stable de- 
velopmental potential after prolonged culture to form differentiated derivatives of 
all three embryonic germ layers (endoderm, mesoderm, and ectoderm) which are the 
three basic lineages that give rise to all of the cells of the adult. Cells we have al- 
ready observed to differentiate from human ES cell lines have included gut epithe- 
lium (endoderm), cartilage, bone, and smooth and striated muscle (mesoderm); and 
neural epithelium, embryonic ganglia, and stratified squamous epithelium (ecto- 
derm). 


WHY ARE HUMAN ES CELLS IMPORTANT? 

Fluman ES cell lines could offer insights into developmental events that cannot 
be studied directly in the intact human embryo or in other species, but which have 
important consequences in clinical areas, including birth defects, infertility, and 
pregnancy loss. Particularly in the early post-implantation period, knowledge of nor- 
mal human development is largely restricted to the description of a limited number 
of sectioned embryos and to analogies drawn from the experimental embryology of 
other species. Although the mouse is the mainstay of experimental mammalian em- 
bryology, early structures including the placenta, extraembryonic membranes, and 
the egg cylinder all differ significantly from those of the human embryo. Fluman ES 
cell lines will be particularly valuable for the study of the development and function 
of tissues that differ between mice and humans. 

Elucidating the mechanisms that control differentiation will facilitate the directed 
differentiation of ES cells to specific cell types. The standardized production of large, 
purified populations of normal human cells such as heart muscle cells and neurons 
will provide a potentially limitless source of cells for drug discovery and transplan- 
tation therapies. For example, large purified populations of ES cell-derived heart 
muscle cells could be used to find new drugs to treat heart disease. Many diseases, 
such as Parkinson's disease and juvenile onset diabetes mellitus, result from the 
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death or dysfunction of just one or a few cell types. The r^lacement of those cells 
could offer lifelong treatment. In addition to Parkinson's disease and juvenile onset 
diabetes, the list of diseases potentially treated by this approach is long, and in- 
cludes myocardial infarction (heart muscle cells and blood vessels) atherosclerosis 
(blood vessels) leukemia (bone marrow), stroke (neurons), burns (skin) and osteo- 
arthritis (cartilage). For the foreseeable future, these therapies will involve the re- 
pair of organs by the transplantation of cells or simple tissues, but not the replace- 
ment of entire organs. 

Strategies to prevent immune rejection of the transplanted cells need to be devel- 
oped, but could include banking ES cell lines with defined major histocompatibility 
complex backgrounds or genetically manipulating ES cells to reduce or actively com- 
bat immune rejection. Significant advances in basic developmental biology are re- 
quired to direct ES cells efficiently to lineages of human clinical importance. Flow- 
ever, progress has already been made in the in vitro differentiation of mouse ES 
cells to neurons, hematopoietic cells, and cardiac muscle. 

WHY IS THE DERIVATION OF HUMAN ES CELL LINES CONTROVERSIAL? 

The derivation of human ES cells lines is controversial both because of the use 
of human embryos, and because of the properties of ES cell lines. We have derived 
human ES cell lines from in vitro fertilized embryos at a stage before implantation 
(the blastocyst stage) and before the formation of any fetal structures. These em- 
bryos were produced by in vitro fertilization for clinical purposes, but were in excess 
of clinical needs. Instead of discarding these embryos, couples donated them specifi- 
cally for ES cell derivation after informed consent. The use of human embryos gen- 
erated by in vitro fertilization for any research purpose raises complex ethical 
issues, and it is beyond the scope of this testimony to review the wide range of views 
on this subject. Research on human preimplantation embryos has been reviewed in 
depth by national panels in Britain, Canada, and the United States. In Britain, 
some research on human preimplantation embryos is allowed, but it is very care- 
fully monitored and regulated, regardless of whether public or private funds are 
used. The derivation of human ES cell lines is already being publicly funded in Brit- 
ain. In the U.S., the most recent and complete review of human preimplantation 
embryo research was completed by the National Institutes of Flealth (NIFI) Fluman 
Embryo Research Panel in the fall of 1994. Although the guidelines suggested by 
the NIFI panel do not have the force of law, we followed those guidelines in our deri- 
vation of human ES cell lines, as no other Federal guidelines currently exist for pri- 
vately funded human embryo research. The derivation of human ES cell lines was 
specifically addressed by the NIFI Panel, and it was recommended as acceptable for 
Federal funding, as long as embryos were not fertilized expressly for that purpose. 
The subsequent ban on Federal funding for research on human preimplantation em- 
bryos has prevented the NIFI from funding the derivation of human ES cell lines, 
and has prevented the NIFI from regulating and monitoring research in this area. 
The NIFI Panel both recognized the therapeutic promise of human embryo research 
and recognized that the human embryo warrants serious moral consideration as a 
developing form of human life. For these reasons, the panel concluded in part, "It 
is in the public interest that the availability of Federal funding and regulation 
should provide consistent ethical and scientific review for this area of research. The 
Panel believes that because the preimplantation embryo possesses qualities requir- 
ing moral respect, research involving the ex utero preimplantation human embryo 
must be carefully regulated and consistently monitored." 

Fluman ES cell lines are not the equivalent of an intact human embryo. If a 
clump of ES cells was transferred to a woman's uterus, the ES cells would not im- 
plant and would not form a viable fetus. The recent cloning of sheep and mice by 
the transfer of an adult cell nucleus to an enucleated oocyte demonstrates that at 
least some adult cells are totipotent (capable of forming an intact embryo that is 
capable of developing to term). If nuclear transfer from adult cells to enucleated oo- 
cytes allows development to term in humans, then the transfer of a nucleus from 
an ES cell to an enucleated oocyte might also result in a viable embryo. Flowever, 
if someone wanted to clone a specific famous or infamous individual, the transfer 
of a nucleus from adult cell would have to be used, not a nucleus from an ES cell. 
One of the major uses of mouse ES cells has been to genetically modify the germ 
line (gametes) of mice in very specific ways. Flowever, because of the significant re- 
productive differences between mice and humans, and the inefficiency of this meth- 
od of modifying the germ line, human ES cells do not increase the potential for 
modifying the human germ line. As has already been demonstrated in domestic ani- 
mal species such as the cow and sheep, nuclear transfer techniques allow a much 
more efficient way to modify the germ line of species with long generation times. 
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Thus, if someone wanted to genetically modify the human germ line, there are al- 
ready other approaches that would be quicker and more efficient than using human 
ES cells. The NIH Human Embryo Research Panel included recommendations 
against research involving nuclear transfer to enucleated human ooc^es or zygotes 
followed by transfer to a uterus, and any formation of chimeras with human em- 
bryos; these recommendations would effectively preclude the use of ES cells for 
human cloning or modifying the human germ line. 

STATEMENT OF MICHAEL WEST, Ph.D., PRESIDENT AND CHIEF EXECU- 
TIVE OFFICER, ADVANCED CELL TECHNOLOGY 

Senator Specter. We now turn to Dr. Michael West, president 
and chief executive officer of the Advanced Cell Technology. Dr. 
West has a Ph.D., in cell biology from Baylor College of Meoidne 
and has recently noted the use of cloning techniques to create an 
embryo out of human and cow cells. 

We appreciate you joining us. Dr. West, and look forward to your 
testimony. 

Dr. West. Thank you, Mr. Chairman, members of the sub- 
committee. I would like to just expand on a few salient points. You 
have my written testimony. 

First, I think it is important to emphasize what the aims of this 
research we are discussing today is. The goal is to solve unsolved 
problems in transplantation medicine. Currently estimates are that 
upward of half of all health care expenditures in the United States, 
so that is upwards of $400 billion, can in one way or another be 
attributed to costs associated with transplantation. Even coronary 
artery bypass, after all, is a transplantation procedure. 

These costs are expected to be aggravated dramatically with the 
aging of the population. As you know, our population is greying at 
an alarming rate, such that perhaps up to a sevenfold increase in 
the number of elderly between 1980 and the year 2030 will occur. 
So with this is thought to be a dire need for transplantable tissues. 
You may know that upwards of ten people die every day awaiting 
a transplantable organ which they do not receive. Many others die 
for lack of hope of a transplant that could cure their disease. How- 
ever, their disease could oe possibly treated with the technologies 
we are discussing today. 

The problem is two things. First is the availability of tissues. 
They are simply not available. Many primitive undifferentiated cell 
types that would be necessary to treat disease like heart failure are 
not available. The discovery of the human embryonic stem cells and 
the embryonic germ cell may go a long ways toward supplying the 
unsupplied demand. 

But a second problem is histocompatibility. The cells that Dr. 
Gearhart and Thomson described have the potential to be geneti- 
cally engineered to be universal donor cells, so that cells that they 
derive could potentially be used for all the transplantation of the 
future. However, there is a distinct risk that that is not a prac- 
tically achievable goal. We simply do not know today for sure a 
technology to make these cells universal donor cells. They may in- 
deed, for the foreseeable future at least, require immuno- 
suppressive therapies, drugs that carry with them an inherent risk 
of rejection, despite immunosuppression and life-threatening com- 
plications, including death. 

Now, a promising solution which could potentially revolutionize 
transplantation medicine would be to combine this embryonic stem 
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cells technology with nuclear transfer technology or cloning tech- 
nology. Now, the concept here would be that we would take the pa- 
tient's own cell and fuse it with an egg or oocyte cell that has had 
its nucleus removed. The belief is that this nuclear transfer proce- 
dure can dedifferentiate the cell, taking it back to this primitive 
state where it can become any cell type, and in addition actually 
rejuvenates the cell, makes the cell young again. So for elderly pa- 
tients with d^enerative disease this procedure may indeed provide 
some dramatic improvements in therapy. 

The remaining problem, however, is that we simply cannot prac- 
tically achieve a means of sourcing human oocytes for a large-scale 
solution to the problems of transplantation. Sourcing human oo- 
cytes, we have potentially problematic and cost issues, quality con- 
trol, and risk to the donor. 

So in 1996 Advanced Cell Technology began studies to determine 
whether we could use an animal oocyte as a means of 
dedifferentiating a human cell. Now, this is not cloning technology. 
We are not cloning human beings. The intent is not to clone human 
beings and we are against the cloning of a human being. 

The intent, however, would be to take an animal oocyte and com- 
pletely remove all genetic information by removing its genomic nu- 
cleus that contains all of the DNA and, using that oocyte stripped 
of its DNA, to reprogram a human somatic cell, then making cells 
that would be fully compatible with the patient. 

PREPARED STATEMENT 

This work was done in 1996. In 1997, as you know, there was 
the announcement of the cloning of Dolly, and on March 4, 1997, 
President Clinton asked for a voluntary moratorium in the public 
and private sectors on human cloning. We felt that it would be in- 
appropriate for us to continue this research without further guide- 
lines and backed off from the research. However, we recently an- 
nounced these preliminary results in the hope of stimulating de- 
bate, to hopefully receive guidelines to allow this important tech- 
nology to move forward. We believe that it would be possible to ad- 
dress one of the most important, significant, and life-threatening 
problems in medicine today that could be addressed with trans- 
plantation. 

Thank you. 

Senator Specter. Thank you very much. Dr. West. 

[The statement follows:] 

Prepared Statement of Michael D. West 

Mr. Chairman and members of the Subcommittee on Labor, Heaith and Human 
Services and Education, my name is Dr. Michaei D. West and I am the President 
and Chief Executive Officer of Advanced Ceii Technoiqgy a biotechnoiogy company 
based in Worcester, Massachusetts. A copy of my curricuium vitae is presented in 
Appendix A. 


INTRODUCTION 

I am pieased to testify today in regard to the new opportunities and chaiienges 
associated with human embryonic stem (ES) ceii and nudear transfer (NT) tech- 
noiogies. By way of introduction, I beiieve it is important to bring to mind the con- 
text of these new opportunities. We are approaching a period in our nationai history 
of unparaiieied growth of the eideriy sector of the popuiation. The aging of the baby 
boom popuiation aiong with a generai increase in the number of aged peopie is ex- 
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pected to increase the number of the elderly sevenfold between 1980 and 2030 A.D. 
And since the aged use a disproportionately high percentage of healthcare, this 
"graying of America" is likely to greatly strain our national resources. It has been 
estimated that transplantation procedures currently account for nearly half of our 
health care expenditures, approaching $400 billion annually. This is likely to grow 
even larger with the aging of our population and result in a marked increase in the 
demand for transplantation. The increased incidence of age-related degenerative dis- 
ease will likely lead to conflicts of economics, ethics, and aesthetics as we struggle 
to find a humane and practical means of treating the ailing. Concrete examples of 
tissues needed will likely include: heart tissue for heart failure, arrhythmias, and 
ischemic damage, cartilage for arthritis, neurons for Parkinson’s disease, kidney 
cells for kidney failure, liver cells for cirrhosis and hepatitis, skin for burns and ul- 
cers, and bone marrow transplantations for cancer to name only a few. While cur- 
rent procedures are partially successful in alleviating human suffering, these proce- 
dures are limited by two major difficulties: (1) the availability of the needed cell or 
tissue type, and (2) the histocompatibility of the transplanted tissues. As a result, 
thousands of patients die every year for the lack of transplantable cells and tissues 
and projections from the Bureau of the Census suggest this shortage will worsen 
with the aging of our population. 


HUMAN ES CELLS 

Human ES cell technologies may greatly improve the availability of diverse cell 
types. Human ES cells are unique in that they stand near the base of the develop- 
mental tree. These cells are frequently designated "totipotent" stem cells, meaning 
that they are potentially capable of forming any cell or tissue type needed in medi- 
cine. These differ from previously- isolated stem cells that are "pluripotent" that is, 
capable of forming several, but only a limited number, of cell types. An example of 
pluripotent stem cells are the bone marrow stem cells now widely used in the treat- 
ment of cancer and other life-threatening diseases. 

With appropriate funding of research, we may soon learn to direct these cells to 
become vehicles of lifesaving potential. We may, for instance, become able to 
produce neurons for the treatment of Parkinson's disease and spinal cord injury, 
heart muscle cells for heart failure, cartilage for arthritis and many others as well. 
This research has great potential to help solve the first problem of tissue avail- 
ability, but the technologies to direct these cells to become various cell types in ade- 
quate quantities remains to be elucidated. Because literally hundreds of cell types 
are needed, thousands of academic research projects need to be funded, far exceed- 
ing the resources of the biotechnology industry. 

As promising as ES cell technology may be, it does not solve the second problem 
of histocompatibility. As shown in Figure 1, human ES cells obtained from embryos 
derived during in vitro fertilization procedures, or from fetal sources, are essentially 
cells from another individual (allogeneic). Several approaches can be envisioned to 
solve the problem of histocompatibility. One approach would be to make vast num- 
bers of human ES cell lines that could be stored in a frozen state. This "library" 
of cells would then offer varied surface antigens, such that the patient's physician 
could search through the library for cells that are as close as possible to the patient. 
But these would likely still require simultaneous immunosuppression that is not al- 
ways effective. In addition, immunospuppresive therapy carries with it increased 
cost, and the risk of complications including malignancy and even death. 

Another theoretical solution would be to genetically modify the cultured ES cells 
to make them "universal donor" cells. That is, the cells would have genes added or 
genes removed that would "mask" the foreign nature of the cells, allowing the pa- 
tient’s immune system to see the cells as "self". While such technologies may be de- 
veloped in the future, it is also possible that these technologies may carry with them 
unacceptably high risks of rejection or other complications that would limit their 
practical utility in clinical practice. 

Given the seriousness of the current shortage of transplantable cells and tissues, 
the FDA has demonstrated a willingness to consider a broad array of options includ- 
ing the sourcing of cells and indeed whole organs from animals (xenografts) al- 
though these sources also pose unique problems of histocompatibility. These animal 
cells do have the advantage that they have the potential to be genetically engi- 
neered to approach the status of "universal donor" cells, through genetic engineer- 
ing. However as described above, no simple procedure to confer such universal donor 
status is known. Most such procedures are still experimental and would likely con- 
tinue to require the use of drugs to hold off rejection, drugs that add to health care 
costs, and carry the risk of life-threatening complications. 
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THERAPEUTIC CLONING 

A promising soiution to this remaining probiem of histocompatibiiity wouid be to 
create human ES celis geneticaiiy identicai to the patient. Whiie no ES celis are 
known to exist in a developed human being and are therefore not available for treat- 
ment, such cells could possibly be obtained through the procedure of somatic cell nu- 
clear transfer (NT). In this still largely theoretical procedure, body cells from a pa- 
tient would be fused with an egg cell that has had its nucleus (including the nuclear 
DNA) removed. This would theoretically allow the production of a blastocyst-staged 
embryo genetically identical to the patient that could, in turn, lead to the production 
of ES cells identical to the patient. In addition, published data suggests that the 
procedure of NT can "r^uvenate" an aged cell, restoring the proliferative capacity 
inherent in cells at the beginning of life. Therefore, NT as applied to the production 
of therapeutic stem cells could have valuable and important applications in the 
treatment of age-related degenerative diseases. 

The use of somatic cell nuclear transfer for the purposes of dedifferentiating a pa- 
tient's cells for purposes of obtaining undifferentiated stem cells has been des- 
ignated 'Therapeutic Cloning" in the United Kingdom. This terminology is used to 
differentiate this clinical indication from the use of NT for the cloning of a child 
which in turn is designated "Reproductive Cloning" in the United Kingdom. In the 
United Kingdom, the use of NT for therapeutic cloning is being encouraged while 
legislation has been passed to prohibit reproductive cloning. As promising as NT 
technologies may be in the arena of therapeutic cloning, a remaining difficulty 
would be on a source of human oocytes, both for research purposes, but also eventu- 
ally for large-scale clinical implementation. We believe there may be certain advan- 
tages to the use of "surrogate" oocytes from animal sources. Animal oocytes could 
be supplied in large numbers on an economical basis, they could be "humanized" so 
as to provide fully human cells with human, rather than animal, mitochondria, and 
they could also potentially be engineered to be defective in producing a fetus even 
if used in an inappropriate effort to clone a human being by implantation in a uter- 
us. Since these oocytes would be produced in cloned animals (presumably cows), 
they could, in principle, offer two advantages: (1) an economical and ethically ac- 
ceptable source of oocytes for therapeutic cloning, and (2) it is possible that they 
could be engineered to be effective in dedifferentiating human cells and allowing dif- 
ferentiation into specific lineages, but defective in creating a human embryo if im- 
planted into a uterus. This may prevent the abuse of the technology in the event 
of an inappropriate use of the technology in attempting to produce a pregnancy. 

The NT technologies described above are not designed to be used for the cloning 
of a human being. Advanced Cell Technology has no intent to clone a human being, 
and we are opposed to efforts to clone a human being. As of today, we see no clear 
utility in producing a child by NT, and even if such uses were identified, NT would 
likely carry with it an inappropriately high risks of embryonic and fetal wastage. 
However, we believe that the production of genetically-engineered surrogate animal 
oocytes may be an important resource for medical research, and may solve certain 
practical and ethical problems associated with sourcing human oocytes and the risks 
of abuse in human reproductive cloning. 

It should be emphasized that the above-mentioned technologies are still in the 
very earliest stages of development. It is not possible as of today to determine 
whether the production of human ES cells through sexual or asexual means will 
meet all the necessary requirements for the development of human therapeutics. 
What is clear however, is that a careful, informed, and reasoned public discourse 
would help insure that these technologies could develop to the point where they 
could be used in the clinic to treat human disease 

ETHICAL CONSIDERATIONS 

The problem of sourcing human cells and tissues for transplantation raises nu- 
merous ethical dilemmas. Because developing embryonic and fetal cells and tissues 
are "young" and are still in the process of forming mature tissues, there has been 
considerable interest in obtaining these tissues for use in human medicine. How- 
ever, the use of aborted embryo or fetal tissue raises numerous issues ranging from 
concerns over increasing the frequency of elected abortion, to simple issues of main- 
taining quality controls standards in this hypothetical industry. Similarly, obtaining 
cells and tissues from living donors or cadavers is also not without ethical issues. 
For instance, an important and largely unresolved issue is whether it is morally ac- 
ceptable to keep "deceased" individuals on life support for long periods of time in 
order to harvest organs as they are needed. 

The implementation of ES-based technologies could address some of the ethical 
problems described above. First, it is important to note that the production of large 
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numbers of human ES cells would not In Itself cause these same concerns In access- 
ing human embryonic or fetal tissue, since the resulting cells have the potential to 
be grown for very long periods of time. Using only a limited number of human em- 
bryos not used during In vitro fertilization procedures, biotechnology could theoreti- 
cally supply the needs of many millions of patients If the problem of 
histocompatibility could be resolved. Second, In the case of NT procedures, the pa- 
tient may be at lower risk of complications In transplant rejection. Third, the only 
human cells used would be from the patient. Theoretically, the need to access tissue 
from other human beings could be reduced. 

On March 4, 1997 President Clinton asked for a, "moratorium on the cloning of 
human beings until our Bioethics Advisory Commission and our entire nation have 
had a real chance to understand and debate the profound ethical implications of the 
latest advances." Prior to this 1997 request and the cloning of Dolly, Advanced Cell 
Technology had initiated research into the use of human somatic cell NT for human 
cell therapy (therapeutic cloning) and had obtained preliminary results that sug- 
gested the technology would be useful in treating disease. Following the President's 
request, however, the Company tabled all research in this area awaiting clarifica- 
tion of recommended guidelines. After internal review in 1998, the Company decided 
that it did not have sufficient data to assemble a scientific publication, but believed 
that it was in the public interest to release the preliminary results to promote an 
informed and reasoned public discussion of the issues. In this regard, we are grate- 
ful for the President's request of November 14, 1998 asking the National Bioethics 
Advisory Commission to analyze the issues surrounding this new technology. 

In regard to the President's letter of November 14, 1998, we would like to offer 
the following observations. First, we share the President's concerns regarding the 
mixing of DNA across species. By way of background, it is useful to recall the debate 
surrounding the specter of mingling of human and non-human DNA in gene splicing 
technologies in the 1970s. In addition to the general discomfort of combining the 
genes of organisms across the plant and animal kingdoms, there were more focused 
concerns raised concerning the deliberate mixing of the genomes of viruses such as 
adenovirus and tumor viruses such as SV40 or between SV40 and bacteria such as 
E. coll for fear that new and virulent man-made pathogens may unintentionally re- 
sult in a major health risk. Shortly thereafter, there were again concerns voiced 
over the mixing of antibiotic resistance genes in bacteria not then possessing such 
resistance. The resolution of those concerns may guide us in the consideration of 
these new technologies. The use of attenuated strains of host organism, and other 
precautions have served us well and allowed recombinant technology to advance 
and, in doing so, to improve the human condition. 

Concerns over the mixing of the genomes of differing species is even of greater 
concern given newer technologies that allow the transfer of entire chromosomes 
across species. Given justifiable concerns that these technologies not be abused in 
medical research, we join in asking for ethical debate of the issue of the mixing of 
genomic DNA across species. 

The mixing of DNA across species does not, however, bear on the issue of NT. 
The research performed in 1996 resulted in human cells with less than one mil- 
lionth of the DNA being from a nonhuman (bovine) source, and that DNA was for 
the mitochondria, an energy source for the cell, not encoding species- specific traits 
such as ^e color, intelligence, or other distinctive features. In addition, it was, and 
is, the intent of Advanced Cell Technology to produce fully-human stem cells 
through the genetic modification of the bovine egg cell to introduce human 
mitochondrial DNA. 

The relevant issue is that the biotechnology industry is seeking guidelines for the 
application of ES and NT technologies in medicine. We believe that these new tech- 
nologies, if properly applied, could lead to significant medical advances with life- 
saving potential. Poorly constructed legislation, designed to prohibit the cloning of 
a human being, could inadvertently interfere with urgent and ethical applications 
of the technologies in medicine. 

Prohibitions against humanized surrogate NT may also have serious collateral 
consequences in addition to harming these new therapeutic avenues. During various 
in vitro protocols, it is not unlikely that human oocytes or embryos may be cultured 
in the presence of bovine proteins, such as bovine fetal calf serum. It would be un- 
wise to set a precedent that the contact of a human embryonic cell with nonhuman 
(bovine) proteins is to be prohibited. Proteins do not encode hereditary information. 
The sensitivity remains in the area of mixing genomes (DNA) of human and animal, 
likely not the mixing of proteins, especially in the surrogate protocol under discus- 
sion wherein the bovine proteins are rapidly replaced by human. 
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We therefore respectfully request that Congress be measured and forward-think- 
ing taking Into full account the tools necessary for medical researchers to apply 
these exciting new technologies In clinical practice In the future. 
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MICHAEL DAVID WEST, B.S., M.S., PH.D., CURRICULUM VITAE, SEPTEMBER 1998 

Personal 

Date and Place of Birth: April 28, 1953; Niles, Michigan. 

Citizenship: U.S.A. 

Ethnicity: Caucasian. 

Marital Status: Married, no children. 

Home Address: 555 Bryant St., No. 280, PaloAlto, CA 94301. 

Email: mwestcgadvancedcell.com. 

Education 

Niles Senior High School; Niles, Ml : 1971. 

Rensselaer Polytechnic Institute: Troy, NY: B.S. Major: Psychology 1976; Minor: 
Management. 

Andrews University; Berrien Springs, Ml; M.S. Biology 1982. 

Baylor College of Medicine; Houston, TX: Ph.D. Cell Biology 1989, (Division of Mo- 
lecular Virology) 

Business Experience 

West Motor Leasing Company, Inc., President, General Manager, 1976-1982. 

West Leasing Company, Inc., President, General Manager, 1978-1982. 

West Motor Sales, Inc., President, General Manager, 1980-1982. 

Geron Corporation, Founder, Director, Officer, 1990-1998. 

Origen Therapeutics, Inc., Founder, Chairman, 1997-Present. 

Advanced Cell Technology, Inc., President & CEO, 1998-Present. 

Research and Professional Experience 

1998-Present: President and CEO, Advanced Cell Technology, Inc., One Innova- 
tion Dr., Worcester, MA 01605. 

1997-Present: Founder, Chairman, Origen Therapeutics, Inc., 651 Gateway Blvd., 
Ste. 980, South San Francisco, CA 94080. 
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1994-1998: Founder and V.P. of New Technologies, Geron Corporation, 200 Con- 
stitution Dr., Menlo Park, CA 94025. 
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CURING DISEASE 

Senator Specter. Dr. Varmus, we will b^in the first round of 
questioning with you. There has been considerable discussion al- 
ready about curing disease, dealing with life-threatening ailments, 
Parkinson's, heart disease, cancer, Alzheimer's. Are there any limi- 
tations as to the range of this kind of a technique on curing dis- 
eases? Would it apply to everything? 

Dr. Varmus. Wdl, Senator, it is a little difficult to answer the 
question because it is very difficult to know what science would be 
capable of producing. As you have heard from the 

Senator Specter. But the basic point is you find a way of repli- 
cating cells which are diseased. So would there be any apparent 
limitation on the scope of these technologies to cure any kind of a 
disease? 

Dr. Varmus. There would be certain kinds of diseases; for exam- 
ple, infections would not immediately be amenable to therapies 
with these cells. But as you have heard, one of the limitations that 
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currently exists is that, while we know that the cells in question 
can form many different kinds of tissues, we do not yet have the 
knowledge that allows us to efficiently differentiate them into the 
tissue of choice. 

Moreover, as Dr. West just pointed out again and as others of us 
have alluded to, we do not yet have a clear solution to the problem 
of what we call histocompatibility, having tissues that can be deliv- 
ered to any individual and not rejected by that individual's immune 
system. Indeed, the use of somatic cell nuclear transfer methods 
does offer promise in this regard and there is the potential for de- 
veloping cell lines with pluripotent potential using that method- 
ology. 

Indeed, in last year's discussion of the Human Cloning Prohibi- 
tion Act the President issued a statement of administration policy 
in which he wanted to preserve the ability to use somatic cell nu- 
clear transfer with human cells for the purpose of developing stem 
cells for exactly this purpose. Of course, we view there to be a pro- 
hibition on that kind of research at the moment due to the amend- 
ment that I alluded to in our appropriation bill. 

PARKINSON'S DISEASE 

Senator Specter. Dr. Varmus, perhaps it would be helpful to 
take a specific ailment and to run through how this approach 
would, say, deal with Parkinson's. Could you use that illustratively 
to tell us what could be done to treat someone with Parkinson's? 

Dr. Varmus. As you know. Senator, Parkinson's is a result of loss 
of certain nerve cells in a region of the brain called the basal 
ganglia. Those cells are responsible for producing dopamine, an im- 
portant neurotransmitter. There already are methodologies in use 
that attempt to restore brain function, for example by trans- 
planting fetal cells to the brains of individuals with this disease, 
or by attempting to inactivate cells that usually inhibit the ability 
of other cells to produce dopamine. 

You saw, still can see, a picture of nerve cells derived in Dr. 
Gearhart's experiments from his pluripotent stem cells. One could 
imagine being able to induce cells that specifically make dopamine 
and to introduce those cells using so-called stereotaxic instrumen- 
tation into the appropriate place in the brain to restore the func- 
tion of that part of the nervous system. 

Senator Specter. Well, how will the stem cell technique advance 
the current techniques used to deal with Parkinson's? 

Dr. Varmus. Well, the objective would be to be able to produce 
cells that are specifically designed to carry out the function of the 
cells that have undergone deterioration in the process of developing 
the disease. I cannot give you one, two, three yet, because obviously 
there is work to be done. But the point would be to have a large 
repertoire of cells that, rather than having to go and identify and 
having to use many fetal donors, essentially, one could have a bank 
of cells that is known to respond to certain kinds of chemical in- 
structions to make the kinds of cells that would be useful in the 
transplantation process. 

Senator Specter. One of the questions which those of us on this 
side of the panel always ask with respect to time line and cures 
is how much appropriations will set you in motion to find the an- 
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swer. But illustratively, is it possible to give a generalization, if 
this research were unleashed, how long it would take to find a 
cure, say to Parkinson's or Alzheimer's? 

Dr. Varmus. Well, remember. Senator, that I referred to the fact 
that certain kinds of stem cells are already in use in clinical prac- 
tice, for example blood stem cells, and there are experimental mod- 
els, especially in mice, that indicate that certain other tissues, like 
the heart, may be repaired by the use of cells that have been con- 
verted from committ^ stem cells to heart muscle cells using an ap- 
propriate recipe. 

Given those precedents, it seems to me that within the course of 
the next decade or two, with an appropriate cadre of investigators, 
that many, many diseases would be at least treated, if not entirely 
cured, by the kinds of cell therapies we are talking about. 

USE OF EMBRYOS 

Senator Specter. My red light is on, but I am going to ask one 
final question of Dr. Thomson with respect to the embryos. There 
is the obvious concern of the use of embryos where an embryo could 
be the start of a human life. In your research in the use of em- 
bryos, how do you deal with this specific issue? 

Dr. Thomson. The embryos that we used were specifically made 
for clinical purposes, but they were beyond what the patients could 
use. The majority of these embryos had been frozen for a number 
of years and they had to decide what to do with them. The option 
that they were considering was to discard them, so it was a choice 
between discarding the embryos and doing this research. 

Senator Specter. So what you are saying is that none of the em- 
bryos which you used had the possibility of being the start of a 
human life? 

Dr. Thomson. Because they would otherwise be discarded, yes. 

Senator Specter. Because? 

Dr. Thomson. They would have otherwise been discarded. 

Senator Specter. Otherwise been discarded. 

Well, my time is up. 

Senator Harkin. 

FEDERAL BAN ON RESEARCH ON HUMAN EMBRYOS 

Senator Harkin. Mr. Chairman, thank you. 

Since we have a limited amount of time, I have two things I 
want to kind of clear up. One kind of gets to the heart of the mat- 
ter, I hope, here on whether or not the use of these stem cells are 
covered under the Federal ban that was placed here a couple of 
years ago on research on human embryos. Now, let me just read 
the law. It says: "None of the funds made available in this act may 
be used for: (1) the creation of a human embryo or embryos for re- 
search purposes." We're not talking about that here, is that clear? 
Is that right? "(2) Research in which a human embryo or embryos 
are destroyed, discarded, or knowingly subjected to risk of injury 
or death greater than that allowed for research on fetuses in utero 
under pertinent sections of the Public Health Service Act." 

Is that included here? "None of the funds made available under 
this act may be used for research in which a human embryo or em- 
bryos are destroyed, discarded, or knowingly subjected to risk of in- 
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jury or death greater than that allowed for research on fetuses in 
utero under 45 CFR," et cetera, et cetera. 

Now, let me read the next paragraph: "B. For purposes of this 
section, the term' human embryo or embryos' includes any orga- 
nism, not protected as a human subject under 45 CFR 46 as of the 
date of enactment of this act, that is derived by fertilization, par- 
thenogenesis, cloning, or any other means from one or more human 
gametes or human diploid cells." 

My point is this. It says: "For purposes of this section, the term' 
human embryo or embryos' includes any organism." Now, I heard 
someone say that these stem cells are not organisms. Now, so I 
asked my staff to get me the dictionary. I want to find out what 
an "organism" is. In this dictionary. Random Flouse— maybe it is 
different in some others— it says: "Organism. 1. A form of life com- 
posed of mutually dependent parts that maintain various vital 
processes." 

Now, to my limited scientific knowledge, that definition does not 
meet a stem cell. It does not seem that a stem cell contains "mutu- 
ally dependent parts that maintain various vital processes." 

So my question is, getting back to the matter of whether or not 
these are covered by the ban on Federal human embryo research: 
One, are these organisms? Are these stem cells organisms? I am 
just asking. Anybody? Dr. West? 

Dr. West. The cultured cells I would say are not. If they are, for 
instance, grown in a laboratory dish or transplanted into a uterus, 
they will not form a human being. They have never been observed 
to form a complete animal using the animal equivalent of these 
cells. 

Senator FIarkin. Dr. Varmus. 

Dr. Varmus. As a scientist, as I have testified here today from 
the perspective that I bring to this from my professional back- 
ground, I agree that these are not organisms. The issue that we are 
dealing with in the Government is complying with the law, know- 
ing the legal definition of an organism, and we are struggling with 
this as part of the activities in the Department and elsewhere in 
the administration to be sure that any actions we take in response 
to these developments are in compliance with existing law. 

Senator FIarkin. I understand. 

Dr. Thomson, are these organisms? 

Dr. Thomson. They are not organisms and they are not embryos. 

Senator FIarkin. They are not organisms? 

Dr. Thomson. Or embryos, no. 

Senator FIarkin. Or embryos. 

Dr. Gearhart. No; they are not. They are not organisms. 

Senator FIarkin. They are not organisms. 

Well, I may not be a very good scientist, but I am somewhat of 
a lawyer and I do read the English language. It says: "For the pur- 
poses of this section, the term 'human embryo or embryos' includes 
any organism." If it is not an organism then it is not included. 

So that is why I made the statement that I did at the opening 
of this session. From my reading of it and my understanding of it, 
this is not covered by the Federal ban. If someone has a different 
definition of "organism" I would I ike to see it. 
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Second, during the debate last year on human cloning the Na- 
tional Conference of Catholic Bishops cited a number of alternative 
ways to conduct research using stem cells, alternatives they said 
would not require the use of a human embryo at all. They include: 
(A) stimulating proliferation and differentiation of the quiescent 
stem cells which are known to exist in many adult tissues and cus- 
tomizing those cells to each individual patient; (B) collecting stem 
cells from bone marrow or umbilical cord blood or collecting stem 
cells from fetal bone marrow; (C) genetically engineering cells of 
different kinds to repair damaged organs, perhaps by injecting 
them with an oncogene. 

Do any of you know of this research? Is it possible to achieve the 
same therapies with these alternatives? I am not a scientist. I do 
not understand this. 

Dr. Varmus. Senator, in my testimony I alluded to the fact that 
there was a tremendous amount of research already supported by 
the Nl H and by private industry and many other countries on stem 
cells that exist in fetal and adult tissue that has the potential to 
develop into specific types of cells. We think this is very important 
research. Indeed, it has produced many of the advances in trans- 
plantation of bone marrow and reconstitution of bone marrow that 
is used daily in hospitals. So we strongly endorse that approach. 

What is at issue, though, is the tremendous potential for working 
with cells that are earlier in that hierarchy of stem cells that I de- 
scribed to you earlier. Certain fundamental questions about how 
cells differentiate, how we become complex organisms, how birth 
defects arise, what causes cancer, how cdls fail, tools for use in de- 
velopment of new pharmaceuticals, the ability to expand the rep- 
ertoire of cells that can be used for tissue therapies, is in my view 
going to have to be approached with cells that come from orga- 
nisms earlier in development. 

Now, as I have also tried to indicate, research with such cells 
does create ethical concerns and we need to address those and bal- 
ance those against the benefits. 

Senator Harkin. I understand. I think what is important here is 
that when I read the news accounts and the newspaper stories they 
say stem cells as if every stem cell is exactly the same. 

Dr. Varmus. That is wrong. 

Senator Harkin. That is wrong. We have to clear that up here 
today for the public. When you are talking about stem cells you are 
talking about a broad spectrum of stem cells. 

Dr. Varmus. That is correct. 

Senator Harkin. Yes? 

Dr. West. We call them stem cells maybe in part because it is 
a bit like a tree. The stem cells we are talking about today are at 
the base of the development tree and can branch out into all the 
different cells and tissues of the body. Some stem cells are way out 
at the edges of the branches and can only become a few different 
cell types. There are many cell types. There are tissues in the body 
that have no stem cells. 

Heart tissue, the leading cause of death in the United States, 
there are no stem cells to repopulate the heart. They simply do not 
exist. But, going back to the base of the developmental tree, we be- 
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Neve we can potentially make heart muscle cells that can be used 
to address the No. 1 cause of mortality. 

Senator Harkin. I thought that was important to clarify. 

Thank you. 

TREATING AGE-RELATED DEGENERATIVE DISEASES 

Senator Specter. Thank you, Senator Harkin. 

We are going to take another round here and try to hold it just 
to the five and five, because we do have quite an array of other wit- 
nesses. 

Dr. West, you used the phrase that the technique would make 
cells young and would certainly be a retarding of the aging factor. 
J ust how far could this go? Do we really have what could be a real- 
istic fountain of youth by the use of this technique? 

Dr. West. I think a fountain of youth may be a bit of a stretch. 
But what we do have published information on is that the process 
of nuclear transfer does impart back to an aged cell the full prolif- 
erative capacity it had when it was born. Dolly, after all, was born 
as a young lamb, not an old one. 

Senator Specter. So what are the limitations which would stop 
it from being a veritable fountain of youth? 

Dr. West. I am excited about the possibilities of using somatic 
cell nuclear transfer to treat age-related degenerative disease. 
There is now growing evidence that in numerous diseases associ- 
ated with aging that there are cells that have lost the potential to 
proliferate in the way that they did when they were young, and so 
nuclear transfer could be used to treat immunosenescence, the 
aging of our immune system. The elderly increasingly find it dif- 
ficult to fight infectious disease, chronic pneumonias, and other 
things. 

So the nuclear transfer has the potential to benefit embryonic 
stem cell research in personalizing these cells— they are genetically 
identical to you— eliminating actually many ethical problems asso- 
ciated with sourcing cells and tissues today. As you know, the FDA 
is reviewing possibilities of making cells and tissues in animals, 
xenografts, taking pig kidneys and pig heart valves and so on, and 
sourcing cells and tissues from cadavers, keeping people alive to 
source cells and tissues. 


CLONING 

Senator Specter. Dr. West, let me just interrupt you, if I might, 
because we have very limited time, and ask you this one other 
question. Your company's technique has been characterized as the 
use of cloning techniques to create an embryo out of human and 
cow cells. Is that accurate with respect to the characterization of 
cloning? 

Dr. West. I think it is very inaccurate. Actually, the cartoons 
that show the half-human, half-cow I think are science fiction. The 
goal here is to use the proteins in the egg after the genomic infor- 
mation is removed to reprogram a human cell. 

Senator Specter. When you use the human and cow cells, eye- 
brows are raised. What concerns do you have about the joinder of 
human and cow cells? 
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Dr. West. I actually agree with the President's letter of Novem- 
ber 14, where he asked the National Bioethics Advisory Commis- 
sion to look into this issue of the mixing of species. It has been a 
profound debate for years in the scientific community. As you 
know, the recombinant DNA debate of the 1970's was a debate 
about the mixing of DNA across species, and this is even more pro- 
found today. We have the ability today to actually introduce whole 
chromosomes across species, not single genes. 

PARKINSON'S DISEASE 

Senator Specter. Dr. Gearhart, what kind of a time line do you 
see on the kind of research you have done to provide practical an- 
swers to problems like Parkinson's or Alzheimer's or cancer? 

Dr. Gearhart. Actually, I think Parkinson's will be one of the 
first targets and one that we will see in a short period. 

Senator Specter. How long is a short period? 

Dr. Gearhart. Well now, let me back off. 

Senator Specter. No, no; goon. 

Dr. Gearhart. I will. I actually think within several years, to be 
honest with you, because these neurons that I have demonstrated 
here, we do not know, to be honest, since this is new data, we do 
not know what neurons they represent, what type, whether they 
are cholinergic, dopaminergic, etcetera. 

But from what we have known from our colleagues' work who are 
studying the differentiation of neurons in animals, the dopamin- 
ergic neurons are one of the first ones that are developed. We know 
more, I think, about what factors actually result or will lead to the 
formation of a dopaminergic neuron. 

Senator Specter. Dr. Gearhart, I want to get a fairly short an- 
swer from doctor— did you want to say something? 

Dr. Gearhart. I should have explained dopaminergic neuron, 
which is the neuron that is deficient in Parkinson's. 

Senator Specter. I want to get a brief answer from Dr. Thomson 
and Dr. West on time line for practical application before the red 
light goes on. 

Dr. Thomson. There are practical applications even today, not in 
therapeutics right away. But for example, for making heart muscle 
cells, there are very simple techniques to do this in mouse embry- 
onic stem cells and they will probably transfer fairly quickly to 
human embryonic stem cells. 

Senator Specter. Applicable today? 

Dr. Thomson. Applicable today, because you can use them for 
drug screens. 

Senator Specter. Illustratively, for Parkinson's how long? 

Dr. Thomson. Parkinson's? I am going to say 5 to 10 years more. 
1 1 wi 1 1 be one of the fi rst ones. 

Senator Specter. Dr. West, what time line do you see? 

Dr. West. I would estimate for the discovery of drugs, using the 
cells simply to discover drugs in the laboratory, 3 to 5 years; for 
the first cell therapies, somewhere between 7 to 15 and 20 years; 
Parkinson's potentially beginning within 7 to 12 years. 

Senator Specter. Thank you. 

Senator Harkin. 
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Senator Harkin. That is very encouraging. What I hear you say- 
ing is that if this basic research is allowed to go forward that a 
minimal amount of understanding of how stem cells develop will 
lead to a proliferation of knowledge, which then can be used by a 
lot of scientists all over the field. Is that sort of— am I thinking the 
right way? 

Yet, if you block this basic understanding of how that stem cell 
differentiates, that means that all those scientists out there cannot 
then focus on how to apply it in that timeframe. Am I close to it? 
Something like that? 

So that is why I am grateful the chairman has called this hear- 
ing, because of the misinformation I think is out there, especially 
regarding the ES technologies, and the misinformation as to wheth- 
er or not this is really covered by the law banning human embryo 
research. 

Let me focus a little bit— now, you talked about this time line 
that the chairman just laid down in terms of Parkinson's. What I 
heard was that anywhere from 3 to 5 to 12 years, somewhere in 
there we might be finding something. Is that assuming the Federal 
ban continues and this research is not allowed to go forward, or 
that it is federally funded and only— hold on I need to back up. 

You can do this research in the private field. NIH cannot fund 
it. What I heard all of you say is that it would be vitally important, 
to have NIH be able to fund it. If this Federal ban is deemed to 
cover research on stem cells, does your time line hold? 

Dr. West. The time line I gave, 7 to 12 years for Parkinson's, as- 
sumed that the NIH would be allowed to fund research in differen- 
tiating these cells into cells for Parkinson's. 

Senator Harkin. So your answers were based on 

Dr. West. Yes. 

Senator Harkin [continuing]. I should not say lifting the ban be- 
cause, you see, I do not think the ban applies. 

Dr. West. Right. 

Senator Harkin. So I have got to be careful about what I say. 
So your time line is based upon an interpretation or reading of this 
that the ban does not apply to stem cells? 

Dr. West. Right. 

Senator Harkin. Is that true of all of you? 

Dr. Varmus. That is correct. 

Dr. Thomson. That is correct, but also the number of diseases 
likely to be treated by this will increase exponentially if there is 
public funding. Industry can target one or two or a couple and get 
it done in a reasonable time. The more difficult ones will just be 
left undone. 


DIABETES 

Senator Harkin. So you are saying, again, with this research 
there could be all kinds of breakthroughs later. 

Dr. Thomson. Take diabetes as an example. Take diabetes as an 
example. That is caused by the death of a very particular cell in 
the pancreas and it is a fairly difficult developmental program to 
go from undifferentiated stem cell to beta islet cell. That is likely 
to be a more difficult cell to derive from embryonic stem cell. It re- 
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quires a lot of basic research, and the Government has the job of 
doing basic research. 

Senator Harkin. Well, I think there is so much potential here. 
But there is so much misinformation out there, the cartoons of the 
half-horse and the half-human, going back to Greek mythology. I 
think we have been burdened with Greek mythology for far too 
long. [Laughter.] 

Senator Harkin [continuing]. And we have to get past that. 

But our job I think as legislators— and again I compliment the 
chairman; I thank him for having this hearing— is to try to get over 
these hurdles of misinformation that are out there. And I can un- 
derstand people having these fears based upon inadequate knowl- 
edge and understanding of what you are doing. 

I think our job is to make sure that we get that understanding 
out there in a clear fashion. 

So I compliment you all for the work you are doing. I believe that 
if this research is allowed to go forward it is the gateway to a lot 
more understanding of how we treat illnesses, especially genetic ill- 
nesses. Now, how the proper way is, whether it is NT-based, nu- 
clear transfer-based, or the ES-based, I do not know. That is way 
above my pay grade. But I think in either case the Federal ban cer- 
tainly does not apply. 

I thank you for your work and I encourage you to press on, and 
hopefully we will have a clearing up of this so that NIH, Dr. 
Varmus, can move ahead very aggressively in this area. I would 
close on that question: If, in fact, this is the case, will NIH move 
ahead aggressively? 

Dr. Varmus. We will certainly do so, with, of course, the usual 
oversight. That is, we will have a panel, we will have guidelines, 
we will have the review of grant applications, and proceed as we 
did on previous topics, like recombinant DNA or gene therapy and 
xenotransplantation, with due consideration of the ethical issues 
and firm oversight of the science. 

Senator Harkin. Thank you. Dr. Varmus. 

Senator Specter. Thank you very much for your testimony, gen- 
tlemen. I think that it has been very useful in shedding light on 
the issue that the embryos which are used here are not embryos 
which could produce life, that when we talk about fetal tissue, as 
Dr. Gearhart has talked about it, it is discarded fetal tissue, it is 
not related to any inducement of abortions or any medical proce- 
dure to produce fetal tissue. 

Dr. Gearhart. That is correct. 

Senator Specter. But there is concern, as Dr. West has de- 
scribed, for the cloning consideration and for the mixture of cows 
and human cells, and, perhaps most importantly, the projection as 
to when immediate practical application may be present. Dr. Thom- 
son points out that with certain heart cells it is now. 

It is obviously a heart-rendering situation to see people with Alz- 
heimer's. We just had a very difficult situation in a Veterans Ad- 
ministration hospital in Coatsville, PA, where people with Alz- 
heimer's, veterans, who could not walk were being excluded from 
treatment. We finally got that solved. People with Parkinson's had 
a major event in Pittsburgh last year with Muhamed Ali coming 
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forward and people with the Parkinson's ailment. One man has an 
hour glass that he measures his time by. 

And as we work through juvenile diabetes, and this sub- 
committee is deluged with people who want more funding and more 
answers and more responses to their medical problems. We did the 
maximum last year with $2 billion. Senator Harkin and I do not 
know what we can do for an encore this year. 

But when you talk about maiical research which may provide 
very, very unique answers with all the people who are suffering 
there, we want to see what the medical potential is. It appears to 
be very, very promising for catastrophic illnesses. 

We are now about to turn to a panel to deal with the ethical con- 
siderations, the other side of the coin. So we very much appreciate 
your coming, and now we will call panel two. 

Senator Harkin. I am sorry, there is one other point I just have 
to clear up. Could I just clear up one thing? 

Senator Specter. One final question. 

Senator Harkin. I have to clear up something. I want to ask you 
a question. I am drafting a letter of my own to Dr. Shapiro, but 
the letter that the President wrote said: "I am deeply troubled by 
this news of experiments involving the mingling of human and 
nonhuman species." 

What you are saying. Dr. West, is that that is not scientifically 
correct? 

Dr. West. Well, I share his concern about the mingling of 
genomic DNA. That is not what we are doing. 

Senator Harkin. That is right. I would share that concern, too, 
combining genomic DNA. I would share that, too. But you are say- 
ing that that is not happening? 

Dr. West. That is not what we are doing. 

Senator Harkin. I just wanted to clear that up. 

Dr. Varmus. We also want to focus on the question of whether 
experiments are being conducted in cultured cells as opposed to ex- 
periments that would involve any attempt to return a potential em- 
bryonic cell to a womb to develop a mature individual. That is a 
very important distinction that was repeatedly made by my embryo 
research panel when they considered these experimental ap- 
proaches. 

Senator Harkin. Thank you very much. 

Thank you, Mr. Chairman. 

Senator Specter. Thank you very much, gentlemen. 

STATEMENT OF ARTHUR L. CAPLAN, Ph.D., DIRECTOR, CENTER FOR 
BIOETHICS, UNIVERSITY OF PENNSYLVANIA 

Senator Specter. We would now like to call Dr. Caplan, Dr. 
Doerflinger, Dr. Okarma; and we are going to bring Dr. Meslin in 
on the next panel, all together. 

Our first witness is Dr. Arthur Caplan, first witness on the sec- 
ond panel, who is director of the Center for Bioethics at the Univer- 
sity of Pennsylvania, had that position since 1994; also serves as 
the chairman of the advisory committee to the Department of 
Health and Human Services Centers for Disease Control and Food 
and Drug Administration on Blood Safety and Availability. Ph.D., 
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from Columbia, author of some 400 articles in professional jour- 
nals. 

Welcome, Dr. Caplan. The 5-minute rule is in effect and the floor 
is yours. 

Dr. Caplan. Thank you. Senator. 

I have to say, too, that you have made the people at the legisla- 
tive liaison office at the University of Pennsylvania very happy 
with your announcement about staying on this committee. They 
will be more interested in that than anything I have to say here. 

When I left this morning I was trying to look at some books, as 
philosophers such as myself are wont to do, about ethical ideas. I 
did look a little bit at the Greek myths. I am not as skeptical as 
Senator Harkin that Greek mythology is useless, since to some ex- 
tent the Greeks kept going with great zeal in trying to advance 
what we call science today, though they tried to warn us about not 
being full of hubris and pride when we did it. 

I looked at some other ethics books on my shelf, but I realized 
that the real source of my knowledge about what is right and 
wrong is to ask my 14-year-old son. So I sat him down and I said: 
Now, I am going down to Washington. The issue is, if we try hard 
to respect human origins and try hard to respect human embryos 
and try hard to understand the special nature of procreation, if we 
have a technology that offers us benefits, that might help the para- 
lyzed, the disabled, people dying of heart disease and other dread 
ailments, how do you think we should trade this off? 

My son said, "Well, dad, it seems to me if you have got a man 
in a wheelchair you owe that person something in the here and 
now, as opposed to trying hard to respect what might be or what 
could have been, what is potential." 

I think he is right. I think it is true that the goal of our public 
policy should be to tell that person in a wheelchair we are going 
to try and weigh tradeoffs morally, ethically, between the hard 
choices that have to be made in using certain tissues, certain cells 
as sources, dealing with certain totipotent and pi uri potent cells as 
points of origin for making wondrous therapies, and that it is 
wrong in the end if we cannot come up with a policy that says we 
will not hold that person in a wheelchair hostage to our moral con- 
cerns about tissues that will otherwise be destroyed, tissues that 
are not going to be turned into human beings under any cir- 
cumstances, or cells and tissues that, because we misunderstand or 
misdescribe them, are going to wind up being misclassified as po- 
tential people or possible human beings. 

We have heard about that in the first panel and I think that is 
the goal that faces Congress and the executive branch, is to try and 
get us into the right balance. 

The other introductory thing I would like to say is just that I find 
myself as a philosopher, someone interested in ethics, amazed by 
these developments this past year, 2 years, ranging from cloning 
and creation of origin cells, oocytes from animals that might be 
places where animal sources can be used to host the production of 
human proteins, and stem cell developments. 

It reminds me that we do not live in a world of moral absolutes. 
Some of the bright lines that we think we can go to are not so 
bright when the DNA of any cell can be converted ultimately, po- 
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tentially, to a human being by transfer and technology that allows 
for nuclear cell cloning. We can no longer say that we understand 
exactly when life begins, how to respect life, depending upon cer- 
tain properties that might inhere in particular cells or tissues. 

It seems to me in the end that what we have got to do is this. 
We have to say that some principles ought guide us as we move 
forward in this area, and I want to propose four, and I think they 
are ones that guide all medical research. 

The first is that we should seek to achieve the most good or ben- 
efit with the least harm and destruction of things that we value. 
I believe that we do value human procreation, human origins, 
human embryos, and we want to try and minimize what we have 
to do there to get benefit, but we must pursue benefit. 

That tradeoffs to achieve progress in the struggle against disease 
and disability are inevitable and they are ethical. We do that every 
day. Senators, when we conduct human research and understand 
that we put people at risk, that deaths will result from some of the 
things that are tried, that we may hasten death inadvertently. We 
understand that tradeoffs must be made, and I think that applies 
in this area. 

It seems to me that the creation of materials with the capacity 
to become human life is a process that requires moral guidance and 
humility. That is something that I think we are going to have to 
inject in this debate. 

The last principle I would like to advance is that it is better to 
do things in this area that are accountable and public than it is 
to ask them to become private and commercial. If we continue the 
policies we have, we are not going to be able to bring the nuanced 
supervision and oversight that this area of stem cell research re- 
quires from us. 


PREPARED STATEMENT 

I want to end by saying again, I do not think we are in the realm 
of absolutes. I think we ne^ judgment. I think we need virtues. 
That is why we need public funding, public accountability, to make 
the right tradeoffs. 

Senator Specter. Thank you very much. Dr. Caplan. 

[The statement follows:] 

Prepared Statement of Arthur L. Caplan 

THE ETHICS OF HUMAN STEM CELL RESEARCH 

l/l/tiy is stem cell research so important? 

Tremendous fanfare has greeted the announcement of success in identifying 
human embryonic stem ceiis. Fanfare is becoming an increasingiy common phe- 
nomenon in the worid of science and biomedicai news. So there is a tendency to 
greet each weeks 'breakthrough' with some cynicism. But in the case of the isolation 
of pluripotent embryonic stem cells the acclaim is surely merited. 

The identification of human embryonic stem cells has been widely acknowledged 
as of inestimable value because it will help scientists understand basic mechanisms 
of embryo development and gene regulation. It also holds the promise of allowing 
the development of techniques for manipulating, growing and cloning these cells to 
permit the creation of designer cells and tissues. The availability of immortal stem 
cell lines will greatly aid drug discovery. The study of stem cells should also shed 
light on the process of human fertility and growth and should even open the door 
to techniques that could be used, someday, to permit many forms of genetic engi- 
neering and transplant therapy for human beings. 
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There are many in the biomedical community who, when confronting such power- 
ful and useful possibilities maintain that no steps or actions should be taken to re- 
strict, control much less prohibit this important research from mewing forward. 
There is even the suggestion that anyone who raises questions about the ethics of 
human embryo stem cell research is merely using the prospect of research in this 
area for "political" purposes. 

Such objections are rhetorically powerful but not at all persuasive. As many sci- 
entists, policy makers, religious leaders and the American people have long under- 
stood, research that may lead to the elucidation of the secrets of human reproduc- 
tion and development, the modification of the genetic makeup of future children and 
their children, the creation of new forms of life and a bounty of therapies that hold 
out the prospect of a longer and better life raises issues of ethics and social policy 
that must be discussed and debated publicly. It is very appropriate that these issues 
be raised and examined since human embryonic stem cell research is in its infancy 
and there is still time to shape and direct its course. 

Ironically, the much of the work being done on human embryonic stem cells is 
being done without the support of funding from American governmental agencies. 
This is entirely due to ethical concerns about any research involving human em- 
bryos and tissues derived from elective abortions. Embryonic stem cell research has 
and may involve these sources. 

Many worry that to raise any questions about the ethics of stem cell research is 
to sacrifice a crucially important and incalculably valuable area of biomedical re- 
search on the alter of the abortion controversy. They also despair that any dialogue 
can occur in our society about the ethics of using materials derived or created from 
embryonic sources given the horrid track record of social divisiveness and violence 
that are the constant companions of any discussion of abortion in this country. 

But the reality is that unless some effort is made to address head on the moral 
and social issues that embryo stem cell research raises it is very likely that further 
advances in this area will be slowed as a result of a lack of government support 
or because they will be conducted completely under private auspices with little ac- 
countability and relatively littleaccessibility to the community of biomedical science. 
The value of embryonic stem cell research is simply too great to permit a policy 
stance of inaction to be the response that our government and other governments 
around the world offer to this enormously promising domain of inquiry. 

KEY ETHICAL ISSUES RAISED BY STEM CELL RESEARCH. 


Sources 

The most obvious and pressing issue raised by stem cell research is the issue of 
the source of these cells. Stem cells can be obtained from human embryos specially 
created for research purposes, they can be obtained from aborted fetal tissues in- 
cluding both spontaneous and elective abortions, they can be created by processes 
that involve the transfer of genetic materials to either animal or human egg or em- 
bryo hosts and they can be obtained from embryos created through various means 
of artificial reproduction and then frozen either as no longer wanted by the persons 
whose gametes created them, or, being held as reserves for the future by couples 
seeking to have children. What is fascinating about these many sources of human 
embryonic stem cells from an ethical point of view is that they are not at all morally 
equivalent. 

Not all embryos are created equally 
Specially created embryos 

The moral problems with making embryos for research are that as a society we 
do not want to see embryos treated as products or mere objects for fear that we will 
cheapen the value of parenting, risk the commercialization of procreation, and 
trivialize the act of procreation. It is the moral framework that society wishes to 
construct for procreation and reproduction, and the interests of those whose gametes 
are involved in making embryos, that provide much of the moral force for restricting 
or prohibiting the manufacture of embryos for nonprocreative uses. This is espe- 
cially so once it is realized that most human embryos at the point of conception will 
not become human beings even under the best of all possible developmental cir- 
cumstances. Those who study the problem of infertility are beginning to understand 
what it is about certain eggs and embryos that make them unlikely or unable to 
develop into fetuses and later babies. While it is true as a matter of historical fact 
that all human life has begun with conception it is not true that all conception is 
capable of becoming human life. Nor will it be true for long that all human life must 
begin with conception. These changing realities mean that much more fine-tuned 
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and nuanced conceptual framework is needed to keep pace with advances in knowl- 
edge and manipulability of human gametes and embryos. 

The moral problems with making embryos for research are that as a society we 
do not want to see embryos treated as products or mere objects for fear that we will 
cheapen the value of parenting, risk the commercialization of procreation, and 
trivialize the act of procreation. Society may or may not agree that a human 
conceptus is deserving of full ethical standing and respect on a par with an adult 
human being. But, surely we do have a broad consensus in American society that 
the process of creating embryos that have the potential and ability to become 
human beings requires special status and standing within our law and our culture. 

If that is so then the manufacture of embryos for stem cell research will have the 
potential to become persons may be morally suspect because it violates our desire 
to accord special standing and status to human conception, procreation and sexu- 
ality. To do nothing in this area it should be noted is to consign the practice of em- 
bryo creation for generating stem cells to the marketplace which is to completely 
abrogate any special standing or status to human conception and procreation. 

Spare embryos 

One of the greatest ironies of current policies governing embryo research in the 
United States is that it has created a situation in which a huge industry has arisen 
to treat infertility with relatively little oversight and accountability for its practices. 
It has also created a situation in which the demand for clinical services is high but 
the knowledge base of those providing techniques such as in vitro fertilization (IVF) 
is not what it might be because of the lack of Federal funds to support fundamental 
research. As a result, when couples seek to use IVF they are required to create more 
embryos than they or their doctors might wish in order to minimize the need to cre- 
ate more should they fail to have a child and to help insure that at least some em- 
bryos will be made that are capable of growth and development. This means that 
some fortunate couples are lucky enough to have the technique work on a first or 
second try but wind up with the problem of what to do with remaining surplus or 
spare embryos. This country now finds itself in a situation in which tens of thou- 
sands of orphan embryos sit in liquid nitrogen unwanted and highly unlikely to be 
used by anyone ever to try to make babies. 

Recently the United Kingdom enacted legislation to permit the destruction of un- 
claimed and unwanted embryos. The United States has not done so but there are 
thousands of embryos that might be made available for research and study for many 
purposes including stem cell research if those who created them were given this op- 
tion or if clinics could make them available for this purpose after a waiting period 
of say ten years. 

There are some who would still object that these frozen embryos are still potential 
persons. But that claim does not square with the facts. If no woman is willing to 
have the embryos placed inside her bodies, if clinics are reluctant to use embryos 
that have been stored for long periods of time because their potential to become ba- 
bies is diminished or if couples do not want anyone else using their embryos then 
their potential for becoming persons is zero. 

There would be a moral problem if embryos were created solely for the purpose 
of being frozen and then used for research. Such a practice would demean human 
reproduction and sexuality in turning it into a process of manufacture and mass 
production. But, it is very simple to prevent such practices from occurring. If infer- 
tility clinic personnel understood that it was illegal and punishable by fine and pris- 
on to inquire if a couple or woman wanted to freeze embryos until an IVF cycle had 
been completed, then there would be no incentive to create embryos. Spare, un- 
wanted or damaged embryos could then be made available for stem cell research, 
storage with consent or future utilization. 

To those who say this is still permitting the use of human embryos for a purpose 
that is disrespectful, research and the consequent destruction of the embryo, it 
seems appropriate to ask why continued freezing is not just as disrespectful. It is 
also appropriate to ask why, even if regrettable and sad, it would not be worth per- 
mitting the donation of spare embryos for research that might lead to cures and 
benefits in much the same way that we allow families to donate their loved ones 
organs and tissues under the most tragic of circumstances to aid others? Spare em- 
bryos would seem to be a legitimate and morally defensible source of human embry- 
onic stem cells. 

Constructions 

Perhaps the most disturbing source of stem cells is from embryos that are spe- 
cially built or designed for this purpose. Chimeras, human-animal mixtures believed 
capable of prolonged development from conception, possibly to birth, fused cells 
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using enucleating human or animal eggs and genomic transfer, disabled oocytes or 
embryos made from disabled sperm are but a number of possible ways in which sci- 
entists might create new forms of embryos to generate embryonic stem cells. The 
ethically positive side of this kind of construction is that it may be possi bl e to create 
useful stem cells without having to use embryos that have any potential to become 
persons. The negative side is that the creation of special embryonic constructs may 
involve the creation of potential whose outcome is uncertain, unknown or would 
have the potential to create a severely deformed and damaged living organism. The 
complexities in this area require a nuanced moral response but it does seem clear 
that a clear boundary line must be to prohibit the creation of any living being that 
would with certain become or have the potential to become a deformed, damaged, 
freakish or dying entity. There are also other risk involved with some forms of con- 
struction that take human genomic material into animal hosts or vice versa. These 
include the danger of importing viral matter or sub-viral entities into the human 
population. There are also risk that some material may then be carried into stem 
cells made from such sources. 

SOME POSSIBLE MORAL PRINCIPLES TO GUIDE STEM CELL RESEARCH 

It might be helpful once it is recognized that there are no hard and fast lines to 
be drawn with respect to the ethics of stem cell research to try and advance some 
simple moral principles that might help those charged with controlling or approving 
such research. I would suggest the following as principles which are in evidence al- 
ready in other areas of biomedical research and therapy: 

—Seek to achieve the most good or benefit with the Least harm and destruction 
of things of value 

—Tradeoffs to achieve progress in the struggle against disease and disability are 
both inevitable and ethical 

—The creation of materials with the capacity to become human life is a process 
that requires moral guidance and humility. 

—The complexity of the tradeoffs involved when research is being conducted at 
the boundaries of human life requires accountability and publicity. 

Each of these principles is used tojustify activity in biomedical research and ther- 
apy that is known to be risky or even known to be harmful but which has important 
benefits to individuals and society. Our society is quite familiar with the concept of 
tradeoffs. Americans recognize few moral absolutes and in the area of stem cell re- 
search where the tradeoffs frequently involve the possibility of harm to potential 
persons versus the reality of harm to real flesh and blood persons it is hard not to 
use some of these principles to guide prudent choices, albeit tragic ones. To be blunt 
it would be hard to honor principles such as these and the role they play in biomedi- 
cine and many areas of public life and still tell the persons paralyzed in a wheel- 
chair or immobile as a consequence of ALS or Muscular Dystrophy or Parkinson's 
that they must remain in such states because of inviolate moral concern for the 
moral standing of an unwanted frozen embryo. 

PUBLIC VERSUS PRIVATELY SPONSORED RESEARCH 

Perhaps the most neglected factor in weighing what to do with respect to stem 
cell research is the reality that stem cell research will proceed even without federal 
funding. It will proceed more slowly but it will proceed. It will proceed with no ac- 
countability but it will proceed. It will proceed cloaked in secrecy but it will proceed. 
And it will proceed with an eye toward the commercially attractive rather then basic 
knowledge or the public good but it will proceed. The importance of the benefits to 
be garnered in this area makes it imperative that speed, accountability, publicity, 
and the drive to understand shape as much of the early course of stem cell research 
as is possible. Add to this the fact that the world of embryo sources and the status 
of stem cells themselves is complex and it becomes certain that it would be better 
to see publicly sponsored research complement private activities and publicly ac- 
countable oversight accompany the market ethos that soon will prevail in the 
United States if no action is taken by government. 

A BRIEF HISTORY OF POLICY RESPONSE TO THE ETHICS OF EMBRYO RESEARCH 

Announced with great fanfare, the Acting Director of NIH established a panel to 
recommend guidelines for the funding of preimplantation embryo research in Au- 
gust 1993. The Human Embryo Research Panel was composed of 19 members, in- 
cluding 11 researchers, scientists and physicians, 4 ethicists, 2 lawyers and 2 public 
members. It met in public six times from February to September 1994, when it 
issued its final report. The panel's charge was to place potential research involving 
the ex utero preimplantation human embryos into one of three categories: (1) accept- 
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able for federal funding; (2) warrant additional review; and (3) unacceptable for fed- 
eral funding. 

Using the mechanism of majority vote, the panel concluded that studies to Im- 
prove chances of pregnancy; research on fertilization; research on egg activation, 
maturation and freezing; preimplantatlon genetic diagnosis; development of embry- 
onic stem cells; and creation of parthenotes were acceptable for federal funding. Un- 
acceptable research Included cloning and use of fetal oocytes followed by transfer to 
a female uterus, and cross-species fertilization. This panel’s recommendations have 
been more or less Ignored by the NIH Director, Congress and the President ever 
si nee. 

The reason why Is that the moral foundation for the panel's recommendations 
about embryo research was not persuasive. Unless a moral framework emerges that 
proponents and critics of embryo research can accept. It Is likely that policy rec- 
ommendations about stem cell research will meet the same fate. This ought not be 
allowed to happen since the scientific, therapeutic and commercial benefits of stem 
cell research are too enormous to reject or hinder simply as a result of an Inability 
to confront a tough ethical problem head on. 

WHY WAS THE MORAL FRAMEWORK USED TO SUPPORT SOME EMBRYO RESEARCH 

UNSATISFACTORY? 

The panel considered and reacted the moral stance that a human embryo has 
rights that would completely prohibit Its use In research. To those who argue that 
an embryo Is a human person from the moment of conception, the panel responded 
that there Is no single trait or property present at conception that suffices to confer 
personhood, and thus, rights, on an embryo. 

Having reacted rights as the proper framework for thinking about the moral sta- 
tus of the human embryo, the panel recommended the adoption of what It termed 
"a pluralistic approach." Embryos possess "a variety of distinct. Intersecting and 
mutually supporting considerations such as "genetic uniqueness, potentiality for full 
development, sentience, brain activity, and degree of cognitive development". The 
panel argued that "their developing presence In an entity Increases Its moral status 
until, at some point, full and equal protectablllty Is required." In essence the panel 
recommended a 'big tent' solution. 

But, the pluralistic framework was not and Is not persuasive. J ust saying embryos 
have a lot of potential and many different emerging properties leaves matters mys- 
terious and unresolved. It Is not clear what properties of embryos confer moral 
standing or worth and which are simply properties that are Interesting but Irrele- 
vant to ethics. Without more of an underlying rationale for why particular property 
or set of properties are morally Important, the panel's framework wound up looking 
like It was constructed to rationalize a desired conclusion— that some research on 
embryos ought to be permitted— rather than as a conclusion which follows from an 
ethical analysis. 

The failure to be persuasive about the moral status of the embryo turned out to 
be a crucial failure of the report. Saying that embryos have a combination of prop- 
erties which somehow entitle them to respect without explaining how those prop- 
erties confer moral significance on embryos or what It means to say an embryo 
ought to be treated with respect leaves policy makers and ultimately biomedical sci- 
entists with littleto work with In terms of moral guidance. 

What the earlier panel which took on the analysis of the ethics of embryo research 
did not grasp Is that the human embryo has moral standing not so much for what 
It Is at the moment of conception, but because the embryo Is the result of pro- 
creative activity which Is Intended to produce or Is at least capable of producing a 
child. This means that for many embryos there are other human beings who have 
a direct interest in the status and fate of the human embryo since their gametes 
created it, it carries their genes and potentially could become their child. It also 
means that the key moral characteristics of human embryos are not their inherent 
properties but the potential that they have to become persons and the intent that 
those who created them have to permit those which can do so to do so. 

The same analysis is true but only more so for human embryonic stem cells. Some 
of these cells come from embryos which had the capacity to become persons. Some 
may be located and studied in embryos that lack any such capability. Some stem 
cells will originate in embryos which have no prospect of becoming persons because 
they are slated for immediate destruction. And still other stem cells might originate 
in embryos which were intentionally created so as to lack the ability to become a 
person under any circumstances. To simply ban all stem cell research as immoral 
because it relies on human embryos of some sort as the source of such cells is to 
conflate what are fundamentally different embryos with different moral standing. 
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And to equate stem cells themselves with human embryos capable of becoming per- 
sons Is to commit the same conceptual mistake but only in a more flagrant form. 

In order to understand what is and is not ethical with respect to stem cell re- 
search it is necessary to know a great deal about the nature of the human embryo 
where such cells must be identified and isolated, something about the stem cells 
themselves, something about the aims and goals of the research and something 
about the benefits that are likely to eventuate from a particular research study. 
Simple moral schemes of classification are not sufficient for negotiating this dense 
biological terrain. It will take a committee or commission with the time and exper- 
tise to review particular proposals from specific researchers to make the judgements 
that are required. 


WHAT SHOULD BE DONE? 

I conclude with three recommendations based on my understanding of the nature 
of the issues raised by stem cell research and the complexity of ethical and social 
questions such research raises: 

1. America needs to create a public forum where advances in biology and genetics 
can be discussed by ethicists, philosophers, theologians and other humanists and so- 
cial thinkers so as to permit a richer set of concepts and categories to emerge so 
as to enhance public and political understanding of what it is to talk of the creation 
of human life, new forms of life and potential life. 

2. America needs to seek to allow the many benefits of stem cell research to be 
secured. This does not however make moral discussion of how to proceed simply po- 
litical. Nor does it mean that concerns and worries about the moral licitness of stem 
cell and embryo research must always yield to the promise of benefits and new 
knowledge. 

3. America needs to create an oversight body, committee or commission with ap- 
propriate expertise to consider and approve requests for research protocols involving 
stem cell and embryo research. 

STATEMENT OF RICHARD M. DOERFLINGER, ASSOCIATE DIRECTOR 
FOR POLICY DEVELOPMENT, SECRETARIAT FOR PRO-LIFE AC- 
TIVITIES, NATIONAL CONFERENCE OF CATHOLIC BISHOPS 

Senator Specter. Our next witness is Mr. Richard Doerflinger, 
associate director for policy development for the secretariat for pro- 
life activities, National Conference of Catholic Bishops. During Mr. 
Doerflinger's 18 years of service he has been responsible for the 
preparation of policy statements and congressional testimony on a 
wide variety of subjects, including abortion, euthanasia, reproduc- 
tive technologies, and other medical and moral issues for the 
Bishops Conference. Master of arts in divinity from the University 
of Chicago, widely published on ethical issues relating to the dig- 
nity of human life. 

Thank you for joining us, Mr. Doerflinger, and the floor is yours. 

Mr. Doerflinger. Thank you very much, Mr. Chairman. 

I would ask that my longer statement be entered into the record 
and I will summarize it briefly. 

Senator Specter. The full statement will be made a part of the 
record, as will all others, and you have the 5 minutes for summa- 
rizing or as you choose. 

Mr. Doerflinger. I think it is important in assessing these ex- 
periments to know that when Congress decides to subsidize various 
forms of human experimentation it is making a moral and not just 
an economic decision. It is deciding that these are kinds of research 
that are sufficiently valuable and also sufficiently ethical to be 
done in the name of all Americans and all American taxpayers. By 
making those funding decisions. Government can make an impor- 
tant moral statement, set an example for private research, and 
help direct research toward avenues which are ethically appro- 
priate as well as medically useful. 
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Three kinds of experiments invoiving human embryos have been 
discussed here. On one ievei, some or these experiments advance 
the debate on human cioning in ways that i think are interesting 
and productive, because they indicate that there are ways of mak- 
ing usefui stem ceiis other than the use of human somatic ceii nu- 
dear transfer of cioning, and that in fact human cioning couid be 
banned without endangering such research. There wouid be other 
avenues avaiiabie. 

At the same time, however, each of the experiments discussed 
raise ethicai and, yes, iegai questions of its own. Currentiy the 
drive for advances in fetai and embryonic research are baianced 
against ethicai considerations in three different areas of iaw, the 
iaw on iife fetai research which has been in existence since 1975, 
which treats the embryo and fetus, at ieast from the time of im- 
piantation, as a protectabie human subject that must be protected 
from harmfui research. 

i say that with emphasis because a number of peopie here have 
taiked about whether this kind of embryo or that is capabie of cre- 
ating a human being, and we saw pictures of iittie bouncing babies 
over here. But in the area of iaw we are taiking about, a human 
being, a human subject worthy of protection, inciudes the human 
embryo. 

There are aiso, of course, appropriations riders since 1995 which 
extend this to the pre-impiantation human embryo, not oniy to spe- 
dai creation of embryos for research purposes, but aiso to harmfui 
or destructive research on embryos ai ready in existence. 

Finaiiy, we have fetai tissue transpiantation guideiines which 
we, it wiii be no surprise to you, find inadequate because we do not 
think that tissues shouid be obtained from abortion victims at aii. 
But those guideiines as weii have some guideiines on how any use 
of tissue, even from a dead fetus, shouid be separated as much as 
possibie from any decisions to destroy that fetus, that the destruc- 
tion shouid not be geared toward the research or the timing and 
manner of it shouid not be geared toward the use of the tissue. 

Aiong those iines, i find that two of the three experiments that 
have been discussed here are exactiy the kind of thing that the 
human embryo research ban was directed against. Dr. West's ex- 
periment, with aii due respect, does invoive a use of cioning to cre- 
ate human embryos, which are then harvested for their stem ceiis 
and thus destroyed. 

The fact is that the reason for using nudear transfer here is to 
produce a genetic match for each individuai patient. So for each in- 
dividuai patient who may need treatment, you wouid need to be 
making some number of new human embryos and then harvesting 
them for their tissues. This is a vioiation of both provisions of the 
current human embryo research ban. it creates embryos and then 
it destroys them. 

The research from the University of Wisconsin aiso invoives de- 
stroying embryos, though it does not invoive creating them because 
it gets them from iVF dinics. Again, that vioiates the embryo re- 
search ban. 

i think the more interesting question is whether subsequent use 
of the stem ceiis that have now been produced by that tissue wouid 
be vioiating the Federai ban. i think there we wouid have to iook 
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for precedent to the current fetal tissue transplantation guidelines, 
which say that the tissue should not be used if the manner of the 
destruction of the original fetus or embryo was geared toward or 
related to the research. It has to be done for unrelated reasons, it 
cannot be linked with the research. 

It seems to me that the way in which these cells are obtained, 
thus destroying the original embryo, is very much geared toward 
the banking of those tissues, and it raises an ethical problem that 
I think is parallel to the question that was already resolved by 
Congress with its guidelines on fetal tissue transplants. 

Finally, in conclusion, I think it would be sad if Congress' atten- 
tion were to focus chiefly on those avenues of research which gar- 
ner front page news precisely because they are ethically problem- 
atic. Congress has an opportunity to use its funding power to ad- 
vance m^ical research in ways that fully respect human life as 
well as promoting medical progress. 

PREPARED STATEMENT 

I believe that some of the aspects of Dr. Gearhart's research are 
very intriguing in this regard. We would like to explore it further, 
especially if the tissue that can be obtained can be obtained from 
sources other than abortion victims, because it does not seem, 
though there is some ambiguity here, that that research does not 
involve creating embryos which are then destroyed for cells. 

Thank you very much for allowing me to testify. 

Senator Specter. Mr. Doerflinger, we appreciate your being with 
us and thank you. 

[The statement follows:] 

Prepared Statement of Richard M. Doerflinger 

I am Richard M. Doerflinger, Associate Director for Policy Development at the 
Secretariat for Pro-Life Activities, National Conference of Catholic Bishops. I am 
grateful for the opportunity to present the Catholic bishops' ethical concerns regard- 
ing new developments in embryo research. 

In discussions of human experimentation, the researcher's temptation is to think 
that if something technically can be done it ethically should be done— particularly 
if it may lead to medical benefits or advances in scientific knowledge. A civilized 
society will appreciate the possibilities opened up by research, but will insist that 
scientific progress must not come at the expense of human dignity. When this im- 
portant balance is not maintained, abuses such as theTuskegee syphilis study or 
the Cold War radiation experiments become a reality. 

In deciding whether to subsidize various forms of human experimentation, legisla- 
tors are not merely making an economic decision to allocate limited funds. On behalf 
of all citizens who pay taxes, they are making a moral decision. They are declaring 
that certain kinds of research are sufficiently valuable and ethically upright to be 
conducted in the name of all Americans— and that other kinds are not. By such 
funding decisions, government can make an important moral statement, set an ex- 
ample for private research, and help direct research toward avenues which fully re- 
spect human life and dignity as they seek to help humanity. 

Three kinds of experiments involving human embryos or embryonic cells have re- 
cently come to public attention. On one level, some of these experiments advance 
the ethical and legal debate on human cloning. They indicate that cloning is not nec- 
essary for promising stem cell research, and thus that it may be banned without 
endangering such research. At the same time, however, each of these experiments 
raises ethical problems of its own. 

Currently, the drive for advances in human fetal and embryonic research is bal- 
anced against ethical considerations in three significant areas of federal law. It is 
important to review these to address the question: What moral principles are re- 
flected in these enactments that can help us to make a moral judgment on new ex- 
periments that may not have been anticipated before? 
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1. Live fetal research is governed by federal regulations on the protection of 
human subjects first issued in 1975 (now codified at 45 CFR §46.101 et seq.). Fed- 
eral regulations on fetal research treat the prenatal human being as a human sub- 
ject worthy of protection, from the time of implantation in the womb (about one 
week after fertilization) until a child emerges from the womb and is found to be via- 
ble. Essentially the same standard is applied here as in regulations protecting live- 
born children: Since the unborn child is a helpless subject incapable of giving in- 
formed consent to experimentation, federally funded research involving this child is 
permissible only if (a) it could be therapeutic for that particular child (as with pre- 
natal surgery to correct congenital defects), or (b) it is necessary to obtain important 
information and will not subject the child to significant risk of harm.i In 1985 Con- 
gress further clarified this standard through an amendment to the National Insti- 
tutes of Flealth reauthorization act: In assessing research on live fetuses in utero, 
protection from risk must be "the same for fetuses which are intended to be aborted 
and fetuses which are intended to be carried to term" (42 USC §289g). No matter 
what fate may be planned for the developing human being by others, the govern- 
ment must still make its own moral decision to respect life— it cannot single out cer- 
tain lives as disposable, or as uniquely fit for harmful research, simply because 
someone else plans to show disrespect for those lives. 

2. Embryo research involving human embryos outside the womb— such as em- 
bryos produced in the laboratory by in v/tro fertilization (IVF) or cloning— has never 
received federal funding. Originally this was because the federal regulations of 1975 
prevented funding of IVF experiments unless such experiments were deemed accept- 
able by an Ethics Advisory Board— and after the first such board produced inconclu- 
sive results in 1979, no Administration chose to appoint a new board. In 1994, after 
this regulation was rescinded by Congress, a Fluman Embryo Research Panel rec- 
ommended to the National Institutes of Flealth that certain kinds of harmful non- 
therapeutic experiments on human embryos receive federal funding— but the Panel's 
recommendations were rejected in part by President Clinton, then rejected in their 
entirety by Congress. Since 1995, three successive Labor/FIFIS appropriations bills 
have prevented federal funding of experiments which involve (a) creating human 
embryos for research purposes, or (b) subjecting human embryos in the laboratory 
to risk of harm or death not permitted for fetuses in utero under the regulations 
on protecting human subjects. Since 1997 this rider has explicitly banned funding 
of experiments involving embryos produced by cloning using human body cells.^ 

3. Fetal tissue transplantation research has been a matter of extended con- 
troversy. Such research could receive federal funds during the Bush Administration 
only if the tissue was obtained from sources other than induced abortion. The pos- 
sible use of ovaries from aborted fetuses to create research embryos provoked more 
controversy within the NIFI Fluman Embryo Research Panel than perhaps any other 
proposal: in the end the Panel decided to defer any possible funding of such research 
until further discussion could take place. Under current federal funding policy, 
human fetal tissue— defined as "tissue or cells obtained from a dead human embryo 
or fetus after a spontaneous or induced abortion, or after a stillbirth," (42 U.S.C. 
§289g- 1(g))— may be used for "therapeutic purposes" only if various safeguards are 
followed to ensure that the researcher avoids participating in an abortion and has 
no effect on the "timing, method, or procedures used to terminate the pregnancy" 
(42 USC §289g- 1(b)(2)). 

I n our view, current safeguards on the use of fetal tissue are inadequate. The only 
sure way to prevent federally funded research from collaborating in and providing 
legitimacy for abortion is to forbid abortion as a source for potentially "therapeutic" 
tissue. Certainly, it would be wrong for Congress to apply to early human embryos 
any policy less protective than that now applied to the later embryo and fetus. Ex- 
isting law explicitly applies to human embryos, and destroying or discarding an em- 
bryo in the laboratory is the moral equivalent of abortion. As Congress has already 
done in the case of live fetal research, it should make clear in this area of research 
that the same standards apply to human embryos whether inside or outside the 
womb. 

Current law on live fetal and embryonic research is no mere political compromise. 
It is a reflection of universally accepted ethical principles governing experiments on 


145 CFR 46.208(a). Such research may only pose a "minimal risk," which means that "the 
probability and magnitude of harm or discomfort anticipated in the research are not greater in 
and of themselves than those ordinarily encountered in daily life or during the performance of 
routine physical or psychological examinations or tests." 45 CFR §46.102(i). 

2The current funding ban is Section 511 of the Labor/FIFIS appropriations bill for fiscal year 
1999, enacted as part of Public Law 105-277, the Omnibus Consolidated and Emergency Supple- 
mental Appropriations Act for fiscal year 1999 (p. 399). 
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human subjects— principles reflected as well in the Nuremberg Code, the World 
Medical Association's Declaration of Helsinki and other statements. Members of the 
human species who cannot give informed consent for research should not be the sub- 
jects of an experiment unless they personally may benefit from it, or the experiment 
carries no significant risk of harming them. Only by such ethical principles do we 
prevent treating people as things— as mere means to obtaining knowledge or bene- 
fits for others. 

Some will be surprised that such protections can exist under the U.S. Supreme 
Court's abortion decisions. But the Court has never said that government may not 
protect prenatal life outside the abortion context. It has even allowed states to de- 
clare that human life begins at conception, and that it deserves legal protection from 
that point onward— so long as this principle is not used to place an undue burden 
on a woman's "right" to choose abortion before viability.^ Although states may not 
place meaningful restrictions or prohibitions on abortion under current Supreme 
Court jurisprudence, harmful experiments on human embryos are illegal in ten 
states regardless of how they are funded. ^ Public sentiment also seems even more 
opposed to public funding of such experiments than to funding of abortion. ^ 

Moreover, a scientific consensus now recognizes the status of the early human em- 
bryo, and the continuity of human development from the one-celled stage onward, 
to a greater extent than was true even a few years ago. In the 1970s and 1980s, 
some embryologists spoke of the human embryo in its first week or two of develop- 
ment as a "pre-embryo" and claimed it deserved less respect than embryos of later 
stages. But most embryology textbooks have now dropped the term, and some texts 
openly refer to it as a "discarded" and "inaccurate" term.® The Human Embryo Re- 
search Panel and the National Bioethics Advisory Commission have both rejected 
the term; they describe the human embryo, including the one-celled zygote, as a liv- 
ing organism and "a developing form of human life."^ 

How is this human life treated in each of the three most recent developments in 
human embryo research? 

UNIVERSITY OF WISCONSIN: STEM CELLS FROM AN IVF EMBRYO 

The University of Wisconsin proposal seems to be exactly the kind of experiment 
that the federal funding ban was consciously directed against. Researchers obtained 
36 live human embryos from IVF clinics, grew them to the blastocyst stage, and 
then destroyed them for their stem cells; cells from 14 of the embryos were placed 
in culture, and "cell clusters" from five were successfully cultured to grow tissue. 
The researchers report that the inner cells were "isolated by immunosurgery" from 
the rest of the embryo.® The effect is the same as if one were to "isolate" the heart 
and lungs from an adult human— the being from whom the cells are taken is killed. 

This kind of experiment was recommended for federal funding in 1994 by the 
Human Embryo Research Panel, but rejected by Congress every year from 1995 to 
the present. I n this respect it does not present a new issue, for Congress has already 


3 Webstar v. RqDroductive Health Services, 492 U.S. 490 (1989). 

“iSee testimony and documentation provided by Lori Andrews, J .□., to the NIH Human Em- 
bryo Research Panel, February 3, 1994. Ms. Andrews cites ten states whose laws on fetal re- 
search generally prohibit experiments on human embryos ex utero: Louisiana, Maine, Massa- 
chusetts, Michigan (which in 1997 also enacted a ban on creating human embryos by cloning), 
Minnesota, New Hampshire, North Dakota, Pennsylvania, Rhode Island and Utah. 

^A national Tarrance poll in 1995 showed 18 percent support for using tax dollars for experi- 
ments that would involve destroying or discarding live human embryos in the first two weeks 
of development. Seventy-four percent of the Americans in the survey opposed such funding, with 
64 percent strongly opposed. Press release, "Poll Shows Strong Opposition to Embryo Research 
Funding," United States Catholic Conference, J uly 25, 1995. 

sSee Ronan O'Rahilly and Fabiola Muller, "Human Embryology and Teratology," 2nd edition 
(New York: Wiley-Liss 1996) at 8, 12. Professor Lee Silver of Princeton University, a proponent 
of cloning and embryo research, recently declared that the term "pre-embryo" was embraced by 
IVF researchers "for reasons that are political, not scientific" in an effort to "allay moral con- 
cerns" about their research. Lee M. Silver, "Remaking Eden: Cloning and Beyond in a Brave 
New World" (New York: Avon Books 1997), 39. 

^See: National Bioethics Advisory Commission, "Cloning Human Beings" (j une 1997), appen- 
dix-2 ("embryo" as "the developing organism from the time of fertilization"); National Institutes 
of Health, "Report of the Human Embryo Research Panel" (September 1994), at 2 ("the 
preimplantation human embryo warrants serious moral consideration as a developing form of 
human life"). 

®j ames A. Thomson et al., "Embryonic Stem Cell Lines Derived from Human Blastocysts," 
282 Science 1145-7 (6 November 1998) at 1147 n. 6. 
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decided that even so-called "spare" embryos from I VF clinics should not be subjected 
to destructive experiments using federal funds.^ 

Two new issues have been raised regarding this experiment, however. 

First, could the embryonic cells that are removed from these human embryos, 
once isolated, be seen as human embryos themselves? The question arises because 
these inner cells are often described as the cells that would ultimately form the "em- 
bryo proper" as development continues. If removed from the original embryo but 
transferred to the nurturing environment of the womb, would each cell or each clus- 
ter of cells begin to develop as a new organism? Is a special environment provided 
by researchers to suppress such development and divert it toward undifferentiated 
growth as tissue instead? Certainly such diversion of embryonic development by use 
of molecular signals has been proposed by some researchers. If that were at work 
here— if the experiment creates new embryos and then suppresses their develop- 
ment-funding such an experiment might also violate the current ban on creating 
human embryos for research purposes. 

Second, what of the prospect of funding research that would use this tissue for 
supposedly therapeutic purposes after it has been grown in culture? FI ere, the eth- 
ical principles reflected in current law on fetal tissue argue against funding the re- 
search. One must refer here to the principles rather than to the exact letter of the 
law because, while it applies to embryos as well as fetuses, it speaks of induced 
abortion rather than of destroying embryos by dissection. But there seems to be no 
reason why the same ethical standard should not apply. Fluman embryos are de- 
stroyed precisely to obtain this tissue, and the timing and manner of the destruction 
are tailored to obtaining this kind of tissue. An effective separation between the de- 
structive act and the harvesting of the tissue, which federal law requires in the case 
of tissue from an induced abortion, does not seem to exist here. 

One positive development, however, is that this line of research has put to rest 
the claim made last year by some biotechnology companies that production of 
human embryos by cloning (somatic cell nuclear transfer) is necessary to develop 
therapies based on embryonic stem cells. Such claims assumed that adults could not 
be treated with such cells unless the embryos were produced by cloning to create 
a genetic "match" and avoid tissue rejection. But in his commentary on the Wis- 
consin experiment, John Gearhart has cited three other avenues, some of which 
were also cited by the National Bioethics Advisory Commission last year: Stem cells 
can be banked from multiple cell lines to prevent such reactions; they can be geneti- 
cally altered to produce a universal donor line; or they can be customized using the 
relevant histocompatibility genes from the intended recipient. ^ 

Whatever else may be said of this research, then, it means that proposed federal 
bans on human cloning need no longer be held hostage to the debate on stem cell 
research. But the experiment itself is unethical and should not be funded. Instead, 
as the National Bioethics Advisory Commission has already observed, 12 avenues 
should be explored for creating stem cell lines without creating or destroying human 
embryos. 

JOHNS HOPKINS: STEM CELLS BASED ON PRIMORDIAL GERM CELLS FROM INDUCED 

ABORTION 

Presumably thej ohns Flopkins University study could not be funded unless it fol- 
lows the provisions of current law regarding fetal tissue from induced abortions. We 
wish to reiterate here that we find the existing policy inadequate and would support 
federal funding only if the cells can be obtained from sources other than induced 
abortion. 

The new question raised here is this: Are the primordial germ cells obtained from 
abortion victims being used to create human embryos, which are then destroyed or 
suppressed to provide tissue. Even the NIFI Fluman Embryo Research Panel did not 
recommend funding such an experiment, and it would clearly be forbidden by the 
current embryo research ban. 


sQn J uly 11, 1996, an amendment was offered by Rep. Nita Lowey (D-NY) to drop the ban 
on funding research involving "spare" embryos, while retaining the ban on special creation of 
"research embryos"; the amendment was defeat^ 256-to-167. 

“See Lee M. Silver, supra note 6, at 128 (such molecular signals can be used as a way of 
"tricking" an early embryo into expanding as undifferentiated tissue, instead of undergoing nor- 
mal growth and differentiation as an organism). 

“J ohn Gearhart, "New Potential for Human Embryonic Stem Cells," 282 Science 1061-2 (6 
N ovember 1998) at 1061. 

“National Bioethics Advisory Commission, supra note 7, at 30-31. See NCCB Secretariat for 
Pro-Life Activities, "Would a Ban on Human Cloning Block Stem Cell Research?" (Fact sheet, 
4/20/98; www.nccbuscc.org/prolife/issues/bioethic/fact498.htm). 
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There is some ambiguity in current reports of the new research, because the re- 
searchers speak of coiiecting "embryoid bodies" from these cuitures and finding "de- 
rivatives of aii three embryonic germ iayers" in the cuiture. They add that some of 
these bodies form "compiex structures cioseiy resembiing an embryo during eariy de- 
veiopment," and that they "appear to recapituiate the normai deveiopmentai proc- 
esses of eariy embryonic stages and promote the celi-ceii interaction required for ceii 
differentiation." 

However, if this research is now conducted— or couid be conducted— to estabiish 
usefui ceii iines without creating eariy human embryos, it wouid avoid some of the 
serious ethicai probiems associated with other experiments in this fieid. In that case 
the oniy remaining ethicai probiem is the use of ceiis from induced abortion, which 
does not seem necessary to the nature of the research. We urge that the use of ceiis 
from spontaneous abortions, ectopic pregnancies or other sources be expiored in- 
stead. i"* 


ADVANCED CELL TECHNOLOGY: HUMAN CLONING USING COWS' EGGS 

Whiie this third type of experiment has not been fuiiy reported in the medicai iit- 
erature it seems to pose a relatively new question— that of human/animai hybrids— 
as weii as an old one, that of somatic ceii nudear transfer (cioning) to make human 
embryos for research purposes. Even the Human Embryo Research Panel opposed 
funding the former; the current ban on embryo research rightiy forbids funding the 
i atter. 

The Nationai Bioethics Advisory Commission, in its November 20 ietter to Presi- 
dent Ciinton commenting on this experiment, rightiy draws attention tothespeciai 
ethicai probiems raised by combining human and animai ceiis to initiate embryonic 
development. On the one hand, this experiment does not create a hybrid in the 
sense of a being that is haif human and haif cow. Aii the nudear genetic materiai 
comes from a human body ceii; the cow egg contains some mitochondriai DNA, but 
this seems to be quickiy taken over and directed by the human nucieus. On the 
other hand, proteins from the cow egg must be directing the remodeiing of the chro- 
mosomes and thus the very eariiest stages of deveiopment in this new being, and 
the uitimate effect of this is not known. 

However, even if this experiment in one sense does not create a human/animai 
hybrid, it presents a new twist on the use of cioning to create human embryos for 
research purposes. Oddiy, defenders of such an experiment must simuitaneousiy 
argue that it is promising because it can produce geneticaiiy matched, fuiiy human 
tissue for transpiantation— and that it is not covered by the ban on embryo research 
because fusing a human nucieus and a cow egg does not reaiiy produce a human 
embryo. 

Cows’ eggs are apparentiy being used not to make hybrids as such, but to avoid 
one of the remaining practicai obstacies to uniimited mass production of identicai 
human embryos by cioning: the fact that human eggs are difficuit to obtain in iarge 
numbers, and cannot be harvested in quantity without posing heaith dangers to 
women. Therefore this experiment not oniy poses ethicai probiems in its own right 
but couid set the stage for further mistreatment of human iife as an object of experi- 
mentation on a iarge scaie. Funding for such an experiment shouid be, and is, 
banned by current iaw, which forbids creating a new organism from "one or more" 
human gametes or body ceiis by fertiiization or cioning. 

In its new ietter the Commission seems very uncertain as to whether this experi- 
ment creates an embryo. But this is partiy due to the Commission's own truncated 
approach to what constitutes an embryo. Its assumption seems to be that the new 
being is an embryo oniy if it can be proved capabie of growing and developing into 
a new "human being," by which it means a iive-born infant. But this is too narrow 
a standard. In many circumstances— especially those involving laboratory manipula- 
tion of new life— embryos are created in such a fatally damaged condition that they 
will not survive to live birth. This does not mean that they were never embryos. 
One might as well say that an infant born with a fatal disease, who will not survive 
to adulthood, was never an infant. This strange standard seems to grow out of the 
Commission's earlier attempts to propose that no "human cloning" has taken place 
so long as any human embryos created by cloning are ultimately discarded or abort- 


i^Michad J . Shamblott, et al., "Derivation of piuripotent stem ceiis from cuitured human pri- 
mordiai germ ceiis," 95 Proceedings of the National Academy of Sciences 13726-13731 (Novem- 
ber 1998) at 13726, 13729. 

i‘*See Peter J . Cataido and Aibert S. Moraczewski, O.P. (eds.), 'The Fetai Tissue Issue: Med- 
ical and Ethical Aspects" (Braintree, MA: PopeJ ohn Center 1994). 
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ed instead of being impianted to attempt a iive birth. We beiieve the reievant 
question here is whether the new one-ceiied entity with a human nucieus begins, 
even for a brief time, to grow and deveiop as an eariy organism of the human spe- 
cies. If so, the experiment shouid be seen as invoiving the creation and destruction 
of human embryos and, as such, shouid not be funded. 

Each of these new deveiopments poses ethicai questions, and none shouid be pur- 
sued by the federai government uniess and untii ethicai questions have been satis- 
factoriiy answered. 

A remaining question invoives the other avenues for advancing stem ceii research, 
or for advancing the medicai goais to which this research is directed, without ex- 
pioiting deveioping human beings. Last year, for exampie, we proposed to Congress 
that there may be nine promising aiternatives to the use of cioning to provide stem 
ceii iines— and eight of these seem to invoive no use of embryonic stem ceiis at aii.i^ 
In the same few weeks that these embryo experiments garnered such nationai at- 
tention, significant advances were reported in two of these areas: The use of growth 
factors to heip hearts grow new repiacement biood vesseis, and the use of stem ceiis 
from piacentai biood to treat ieukemia and other iiinesses.^^ 

It would be sad indeed if Congress’s attention were to focus chiefly on those ave- 
nues of research which garner front-page news precisely because they are ethically 
problematic. Instead, Congress has an opportunity to use its funding power to chan- 
nel medical research in ways which fully respect human life while advancing human 
progress. None of the new proposed experiments change in any way the ethical prin- 
ciple grounding current restrictions on human embryo research: In trying to serve 
humanity we should not support actions that are fundamentally wrong. Even a good 
end does not justify an evil means. 


Would A Ban on Human Cloning Block Stem Cell Research? 

Some biotechnology companies claim that a ban on producing human embryos 
through cloning would stall important research in generating "stem cells" to cure 
a variety of diseases [Cong. Record, 2/5/98, S425]. To put this claim in perspective: 

1. Cloning is desired as a source of "customized stem cell lines" which would be 
an exact genetic match to each individual patient with a given disease. But this 
would require each individual patient to undergo somatic cell nuclear transfer to 
produce one or many living human embryos who genetically are the patient's iden- 
tical twin sisters or brothers. These embryos would then be destroyed to provide em- 
bryonic stem cells. 

Two methods of obtaining the cells have been described. In one, the embryo is al- 
lowed to develop normally for a week or two to the blastocyst stage, at or after the 
usual time of implantation in the mother’s womb; then this embryo, consisting of 
hundreds of cells, is dissected for its stem cells. The other method is to introduce 
molecular signals into the embryo’s environment to "trick" its cells into departing 
from normal development and instead producing "a mass of undifferentiated tissue," 
which can then be reprogrammed into various kinds of cells [Lee Silver, "Remaking 
Eden: Cloning and Beyond in a Brave New World" (Avon Books 1997), p. 128]. In 
either case, the living embryo is destroyed. 

2. This avenue for providing medical benefits has been described even by sup- 
porters as "largely conjectural" (j. Kassirer and N. Rosenthal, in "New England 
journal of Medicine," March 26, 1998, p. 905). President Clinton’s National Bio- 
ethics Advisory Commission called it "a rather expensive and far-fetched scenario." 
The Commission observed: "Because of ethical and moral concerns raised by the use 
of embryos for research purposes it would be far more desirable to explore the direct 
use of human cells of adult origin to produce specialized cells or tissues for trans- 
plantation into patients." 


L^For a critique of this approach see Testimony of Cardinai Wiiiiam Keeler before the Flouse 
Commerce Subcommittee on Flealth and Environment, February 12, 1998; reprinted in 27 Ori- 
gins 597-601 (February 26, 1998). 

L^See NCCB Secretariat for Pro-Life Activities, supra note 12. 

L'^See: "Gene Therapy Flelps Mice Grow New Blood Vessels," Business Wire, November 20, 
1998; "I ejected Genes Flelp Grow Fleart Bypasses," Washington Post, November 10, 1998 at A3; 
"Stem Cells 'Grow' in Value; Potential Benefits of Umbilical Cord Banking Further Validated," 
PRNewswire, November 27, 1998; Pablo Rubinstein et al., "Outcomes among 562 Recipients of 
Placental-Blood Transplants from Unrelated Donors," 339 New England Journal of Medicine 
1565-77 (November 26, 1998); Robertson Parkman, 'The Future of Placental-Blood Transplan- 
tation," 339 New England J ournal of Medicine 1628-9 (November 26, 1998). In light of some 
researchers' zeal for use of cloning by nuclear transfer to ensure an exact genetic match between 
tissue and recipient, it is worth noting that placental blood transplants seem to be more effective 
in treating leukemia if they are not too close a genetic match. Rubinstein et al. at 1573. 
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The Commission outiined three aiternative avenues for promising research using 
stem celis that do not involve human cloning, two of which do not use human em- 
bryos at all ("Cloning Human Beings: Report and Recommendations of the National 
Bioethics Advisory Commission,"] une 1997, pp. 30-31). 

THE commission's ALTERNATIVES 

The alternatives outlined by President Clinton's Commission are as follows: 

1. Generating "a few, widely used and well characterized human embryonic stem 
cell lines, genetically altered to prevent graft rejection in all possible recipients." 
This would raise its own ethical objections because it may involve producing and 
destroying some human embryos at the outset; but it does not require somatic cell 
nuclear transfer, or the creating and destroying of genetically related embryos for 
each individual patient. 

2. Stimulating "proliferation and differentiation of the quiescent stem cells which 
are known to exist in many adult tissues, including even the nervous system." Such 
stem cells could be "customized" to each individual patient and would not be from 
embryonic sources. 

3. Identifying "methods by which somatic cells could be 'de-differentiated' and 
then 're-differentiated' along a particular path." This would permit "the growth of 
specialized cells compatible with a specific individual person for transplantation." 
While at present this option is considered speculative, its feasibility is now en- 
hanced by the central finding of the research that produced "Dolly" the sheep: An 
adult body cell can be "de-differentiated" surprisingly easily and regressed all the 
way back to a stage at which it can provide the nucleus for a new developing em- 
bryo. The question is: Can this regression be done to a point short of this, so an 
adult cell becomes the basis for cells that are like embryonic stem cells but never 
came from an embryo? 

OTHER ALTERNATIVES (NOT EXPLICITLY CITED BY THE COMMISSION) 

4. There are other promising sources of pluripotent (not embryonic) stem cells for 
treatment of disease. One example is hematopoietic (blood cell producing) stem cells 
from bone marrow or even from the umbilical cord blood in live births. These cells 
are already widely used in cancer treatment and in research on treating leukemia 
and other blood diseases. Their versatility was recently found to be even greater 
than once thought. For example, given the right environment bone marrow cells can 
be used to regenerate muscle tissue, opening up "a whole avenue of potential thera- 
pies that didn't exist before" for muscular dystrophies ("Bone Marrow Cells May 
Provide Muscle Power," Science, 6 March 1998, p. 1456). 

5. An enormously promising new source of stem cells is fetal bone marrow, which 
is "23 times more effective than adult marrow and eight times better than umbilical 
cord blood." Recent studies show that "miscarriages can provide enough cells for 
transplantation if we would collect them effectively and store them in banking" 
("Fetal marrow transplants promising against disease," Detroit News, May 4, 1997). 
A stem cell line from such sources could provide a continuous supply of stem cells 
for research. It seems fetal bone marrow cells do not provoke the same immune re- 
actions as adult or even newborn infant cells. This is true whether the unborn child 
is the donor or the recipient— that is, fetal cells can be used to treat adults, or adult 
bone marrow cells can be used to treat a child in the womb, without harmful im- 
mune reactions (see J ack Goldberg, "Fetal stem cell therapy," in J auniaux et al. 
(eds.) Embryonic Medicine and Therapy [Oxford U . Press 1997], pp. 474-80). 

6. Other approaches to tissue regeneration involve the growth factors (activators 
and inhibitors of cell division and growth) responsible for the development of various 
cell types and tissues. These factors may be used to manipulate the cells of a tissue 
along the spectrum of differentiation, without the need to create stem cells first. Use 
of these factors has already shown promise in the clinical setting, as a vascular 
growth factor has been successful in saving the legs of three patients who had po- 
tentially lethal blood clots requiring amputation: Application of the growth factor al- 
lowed new vessels to grow around the clots and restore circulation to the legs (see 
Circulation, 3/31/97, pp. 1114 ff.). Now such factors have been used to generate new 
bicxxl vessels to human hearts in 20 patients ("Drug Stimulates Growth of Heart 
Blood Vessels," Washington Post Health, Feb. 24, 1998, p. 5). 

7. Cells of different kinds are now being genetically engineered to repair damaged 
organs, especially by injecting them with an "oncogene" (a type of gene that causes 
cancer cells to reproduce rapidly). Heart cells produced with this gene can "survive 
and beat like normal heart muscle cells" when transferred to a damaged heart 
("Study: Cells Repair Heart Damage," Associated Press, March 17, 1998). 



51 


8. Methods are being developed for growing entire replacement organs, to treat 
children before or after birth. Cells of the needed variety are extracted from the 
child and cultured, then grown into organs in the laboratory using biodegradable 
scaffolds. The researchers say they hope to receive FDA approval for routine use of 
the technology within five years. They add that "there are no ethical concerns doing 
this treatment, as there are about some other procedures [such as human cloning]" 
("Doctors grow animal organs," Washington Times, J uly 23, 1997, pp. Al, AIS; also 
see Ben Bova, "Lost a lung? Grow your own," in USA Today, Feb. 24, 1998). 

9. Promising avenues have been opened up in research on cancer and diseases of 
aging by studies of telomerase, dubbed by some "the immortality enzyme." It pro- 
tects and rebuilds telomeres, the protective caps on the ends of chromosomes which 
deteriorate as we age. It is now believed that telomerase activity is required for the 
uncontrolled growth of most cancerous tumors. Mastering this enzyme may enable 
researchers to (a) inhibit its activity in cancer cells and reduce or stop tumor 
growth, and (b) to use telomerase itself in a controlled way to help rejuvenate and 
regenerate damaged tissues and organs, (j . Madeleine Nash, 'The Immortality En- 
zyme," Time, Sept. 1, 1997). 

In short: The claim that human embryo cloning is needed to advance promising 
medical research in cancer, degenerative diseases, etc. is simply false. 

Even if the use of somatic cell nuclear transfer to create and cannibalize human 
embryos were to enable more rapid development of some limited branches of re- 
search (a proposition for which there is no firm evidence), the words of Professor 
Patricia King, co-chair of the NIFI Fluman Embryo Research Panel, would remain 
valid: 

The fertilization of human oocytes for research purposes is unnerving because 
human life is being created solely for human use * * *. In particular, the public 
should be assured that embryos will not be created because such creation is the 
most convenient means of answering important scientific questions that can be an- 
swered— perhaps more slowly— in other ways." [Final Report of the Fluman Embryo 
Research Panel (NIFI, Sept. 27, 1994), p. 97]. 

STATEMENT OF THOMAS B. OKARMA, Ph.D., M.D., VICE PRESIDENT OF 
RESEARCH AND DEVELOPMENT, GERON CORP. 

Senator Specter. We turn now to Dr. Thomas Okarma, Vice 
President of Research and Development of Geron Corporation. 
Since 1991 Dr. Okarma has served as a clinical associate professor 
of medicine at Stanford, authored over 100 publications, and has 
a dozen U.S. patents, a Ph.D., and M.D. from Stanford. 

Thank you for joining us. Dr. Okarma, and the floor is yours. 

Dr. Okarma. Thank you for the invitation this morning. 

We have heard ample testimony prior to my time validating the 
significance of the discoveries here, so I will not waste our time re- 
peating those, and turn directly to why Geron chose to fund this 
research. Clearly, the therapeutic potential, as we have heard, is 
extraordinary. The potential, however, is realizable and portions of 
it can be reduced to practice based upon prior knowledge gained 
from animal stem cell work and the convergence of available com- 
plementary technologies developed by both the biotech industry 
and the academic community. 

For example, Geron's demonstrated ability to use the telomerase 
gene to convey unlimited replicative capacity to differentiated cells 
is a key synergistic technology for developing the therapeutic appli- 
cations we have been talking about today. Simply stated, as we 
learn to control the pathways that take stem cells down the road 
to neurons, blood vessels, and heart cells, we can immortalize them 
by telomerase gene transfer, so that sufficient quantities of these 
cells can be grown for transplant applications. 

Geron's corporate mission is to develop treatments for chronic de- 
generative disease. These two technologies, telomerase gene trans- 
fer and human pi uri potent stem cells, combine to make possible the 
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repair of degenerating organs with young, healthy, and fully func- 
tional cells. 

Now, why the NIH should participate in the development of 
these applications. As we have heard, the scientific frontier opened 
up by the derivation of these cells is vast. However, industry will 
only explore that part of the frontier that may lead to products. 
Yet, much of this frontier is early basic research that would other- 
wise be underfunded by the private sector, thereby delaying and re- 
ducing the full impact of the discovery. 

Basic mechanisms of early human cellular differentiation, inter- 
cellular communication, gene expression, and development biology 
are accessible to vigorous study for the first time. We must seize 
this opportunity and allow the most sophisticated biotechnology 
community in the world full access to these cells and appropriate 
levels of support to increase our understanding of the fundamental 
mechanisms that control our own development. 

Last, I would like to summarize the position of Geron's ethics ad- 
visory board on the ethical justification of this kind of work. The 
company formed an ethics advisory board to advise us on the eth- 
ical issues associated with this research. The board, composed of 
medical ethicists of diverse religious traditions, carefully delib- 
erated the issues and unanimously agreed that research on human 
pluripotent stem cells can be conducted ethically if performed with- 
in certain guidelines, which briefly are: treating the cells with ap- 
propriate respect due to early developmental tissue; obtaining full 
and informed consent from donors of the tissue; no reproductive 
cloning of human beings; accord for accepted norms of animal re- 
search; concern for global justice and the use of best efforts to de- 
velop and utilize the technology for all peoples; and last, participa- 
tion by an independent ethics advisory board, in addition to an in- 
stitutional review board, to assess the appropriateness of each re- 
search protocol. 

Geron has and will continue to follow these guidelines. I have 
submitted the ethics board's report to this hearing and a full publi- 
cation of these guidelines and their ethical foundations will be pub- 
lished by the board in conjunction with the Hastings Center. 

PREPARED STATEMENT 

In conclusion this morning, the therapeutic applications of this 
technology are real and near term. The benefits to society are clear, 
and their development appropriately falls under the purview of the 
National Institutes of Health. The ethical implications of the re- 
search, while requiring continual oversight as the technology ma- 
tures, are nevertheless compelling today and argue strongly for the 
development and application of this technology for the improve- 
ment of health care. 

Senator Specter. Thank you very much. Dr. Okarma. 

[The statement follows:] 

Prepared Statement of Thomas Okarma 

EXECUTIVE summary 

First, I would like to thank the committee for inviting my testimony on behalf 
of Geron Corporation on the implications of human stem cell research. My com- 
ments will briefly cover (I) the significance of the discovery, (2) why Geron chose 
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to support this research, (3) why the NIH should participate in the development of 
biomedical applications of this research and (4) the view of Geron's Ethics Advisory 
Board on the ethical justification for research on the human pluripotent stem cell. 

I respectfully request that my comments and submitted background materials be 
incorporated into the record of this hearing. 

1. The significance of the discovery— The human pluripotent stem cell has the po- 
tential to dramatically impact clinical medicine by introducing fundamentally new 
therapeutic technologies. No other human cell has the potential to (1) enable the 
development of cell and tissue transplantation therapies and gene therapy, (2) retool 
pharmaceutical research and development, and (3) accelerate research in human de- 
velopmental biology, cellular differentiation mechanisms and cancer biology. 

These cells are immortal in their undifferentiated state— they will grow indefi- 
nitely in culture, thereby providing a continuous source of homogeneous starting 
material for the production of uniform transplantable cells. 

These cells are pluripotent, capable of forming all cells of the human body, mak- 
ing them a potential source of replacement cells for any failing organ. This would 
reduce the demand for organ donors, and more importantly, enable therapies to 
treat conditions that otherwise must be addressed by whole organ transplants such 
as: 

—Heart muscle cells to restore the failing hearts of the five million Americans 
with congestive heart failure. 

—Blood forming cells to provide hematologic support for the over one million new 
cases of invasive cancer in the US each year. 

—Cells to line the inside of blood vessels to treat atherosclerosis which contributes 
to 650,000 deaths in the US each year. 

—Insulin producing islet cells which could cure the 1.4 million US patients with 
Insulin Dependant Diabetes Mellitus. 

—Nerve and brain cells for the one million Parkinson's disease patients, the 
500,000 stroke victims or the four million Americans with Alzheimer's disease. 

2. \Nhy Geron chose to fund this research.- Clearly, the therapeutic potential is 
extraordinary. This potential is realizable and portions of it can be reduced to prac- 
tice based upon prior knowledge gained from animal stem cell work, and the conver- 
gence of available complimentary technologies developed by both the biotechnology 
industry and the academic biomedical community. For example, Geron Corporation's 
demonstrated ability to use the telomerase gene to convey unlimited replicative ca- 
pacity to differentiated cells is a key synergistic technology for developing thera- 
peutic applications of human pluripotent stem cells. As we learn to control the path- 
ways that take stem cells down the road to neurons, blood vessels, and heart cells, 
we can immortalize them by telomerase gene transfer so that sufficient quantities 
of these cells can be grown for transplant applications. 

Geron's mission is to develop treatments for chronic, degenerative disease. These 
two technologies, telomerase gene transfer and human pluripotent stem cells, com- 
bine to make possible the repair of degenerating organs with young, healthy and 
fully functional cells. 

3. Why the NiH shouid participate in the devdopment of biomedicai appiications 
of this research— The scientific frontier opened up by the derivation of human 
pluripotent stem cells is vast. Industry will only explore that part of the frontier 
that may lead to products. Yet much of this frontier is early, basic research that 
will be otherwise underfunded by the private sector, thereby delaying and reducing 
the full impact of this discovery. Basic mechanisms of early human cellular differen- 
tiation, intercellular communication, gene expression and developmental biology are 
accessible to vigorous study for the first time. We must seize this opportunity and 
allow the most sophisticated biomedical research community in the world full access 
to these cells and appropriate levels of support to increase our understanding of 
these fundamental mechanisms that control our own biological development. 

4. The position of Geron's Ethics Advisory Board on the ethicai justification of re- 
search on human piuripotent stem cel/s.— Geron formed an Ethics Advisory Board 
to advise the company on the ethical issues associated with this research. The 
board, composed of medical ethicists of diverse religious traditions, carefully delib- 
erated the issues and unanimously agreed that research on human pluripotent stem 
cells can be conducted ethically if performed within certain guidelines: 

(1) Treating the cells with respect appropriate to early developmental tissues. As 
stated by the Human Embryo Research Panel in their 1994 report, while deserving 
moral consideration due any human tissue, the early blastocyst (from which the 
stem cells are derived) does not warrant the same moral status as infants or chil- 
dren because of the absence of individuation and the lack of even the possibility of 
sentience and other qualities relevant to the moral status of persons. Therefore the 
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use of such cells for the purpose of saving or healing human life constitutes appro- 
priate respect for these cells. 

(2) Full and Informed consent for tissue donation. 

(3) No reproductive cloning of human beings or creation of chimeras (live animal 
combinations of two different species). 

(4) Accord for accepted norms for animal research. 

(5) Concern for global justice and the use of best efforts to develop and utilize the 
technology for all peoples. 

(6) Participation by an Independent ethics advisory board In addition to an Insti- 
tutional Review Board to access the appropriateness of each research protocol. 

Geron has and will continue to follow these guidelines. I have submitted the 
EAB's report to this hearing. A full publication on these guidelines and their ethical 
foundations will be published by the Board in conjunction with the blastings Center. 

In conclusion, the therapeutic applications of this technology are real and near 
term. The benefits to society are clear and their development appropriately falls 
under the purview of the NIFI. The ethical implications of this research, while re- 
quiring continual oversight as the technology matures, are nevertheless compelling 
and argue strongly for the development and application of this technology for the 
improvement of health care. 

THE FIRST DERIVATION OF HUMAN EMBRYONIC STEM CELLS 

A Scientific Breakthrough for Transpiantation Medicine, Pharmaceuticai Research 
and De/dopment, and Human De/dopmentai Bioiogy 

The B reakth rough 

Dr. J ames Thomson and colleagues at the University of Wisconsin, Madison, have 
for the first time successfully derived human embryonic stem cells (hES cells) and 
maintained them in tissue culture. Fluman embryonic stem cells are different from 
every other human stem cell previously isolated in that they have (I) an unlimited 
ability to divide and (ii) the capability to turn into any and all cell types and tissues 
in the body. These cells, licensed worldwide to Geron Corporation, hold great prom- 
ise as a potentially universal source of replacement cells for transplantation and for 
use in screens for pharmaceutical research and development. Further, this promise 
is enhanced by Geron's cell immortalization technology which can potentially in- 
crease the lifespan of the differentiated cells produced from hES cells. The combined 
technology positions Geron to potentially supply an unlimited number of young cells 
and tissues for every organ in the body. In addition, hES cells will improve our un- 
derstanding of reproductive and developmental biology. This could lead to better 
treatments for infertility and the discovery of new gene products to treat a wide va- 
riety of diseases. 

Characteristics of Human Embrvonic Stem Cdis 

Derived from in vitro fertilized (IVF) blastocysts by a patentable laboratory proc- 
ess (US claim allowed) and donated under informed consent, hES cells have all the 
following characteristics which make them useful for multiple new therapeutic, 
pharmaceutical, and scientific applications. 

1. P I uri potency— hES cells can form virtually any cell in the body. Specifically 
they have the potential to form derivatives of all three cellular layers, including the 
gut epithelium (endoderrn); cartilage, bone, and smooth and striated muscle (meso- 
derm); and neural epithelium, embryonic ganglia and stratified squamous epithe- 
lium (ectoderm). Other later stage human stem cells have only a limited capability 
to form certain cell types such as blood cells (CD34-F stem cells) or connective tissue 
(mesenchymal stem cells). 

2. Sdf-reneiA/ing capacity— Under appropriate in vitro conditions, the hES cells 
repopulate themselves while remaining in the undifferentiated state. Therefore, 
they may be a continuous source of normal pluri potent human stem cells. We expect 
they can be scaled-up to commercial manufacturing levels for transplantation thera- 
pies. It has not been possible to maintain long term self-renewing capacity of other 
human stem cells in culture. The ability of hES cells to propagate indefinitely in 
the undifferentiated state without losing pluri potency is a characteristic that distin- 
guishes them from all other "multipotent stem cells" discovered to date in humans. 
Among other benefits, the availability of scaled-up hES cell-derived cells and tissues 
for transplantation therapies could greatly reduce future reliance on primary human 
fetal and animal derived tissue. 

3. Tdomerase expression— Jdamerase is an RNA-dependent DNA polymerase 
demonstrated by Geron Corporation and its collaborators to be the enzyme which, 
when reactivated in normal cells, allows their continual proliferation. hES cells nor- 
mally express the enzyme telomerase. The continual steady state activity of 
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telomerase in hES cells conveys replicative immortality. Other stem cells express 
telomerase at low levels or only periodically and therefore age and stop dividing 
with time. 

4. Normal chromosome structure (karyotvp^.— hES cells maintain a structurally 
normal set of chromosomes (including the sex chromosomes, XX or XY) even after 
prolonged growth in vitro. They do not, for example, have any additions, deletions 
or rearrangements in their chromosomal structure as is characteristic of cell lines 
immortalized by viruses. 

Because of these characteristics, hES cells are unique. No other cell has the po- 
tential of hES cells to (i) enable development of transplantation therapies, (ii) re- 
tool pharmaceutical research and development practices, and (ill) accelerate re- 
search in human developmental biology. Moreover, hES cells should provide an im- 
mediate, alternative source and industrial supply of starting material, relieving the 
need to continually resource primary human fetal-derived tissues. Much of the re- 
search necessary for product development work can be performed on the hES cells 
now made available by Dr. Thomson's breakthrough discovery. This research will be 
challenging and take time, yet holds vast biomedical and therapeutic potential. 
Geron Corporation has provided funding and support for Dr. Thompson's work and 
holds worldwide rights to his discovery. 

Benoits to Science and Medicine 

The derivation of hES cells is a fundamental discovery that holds promise for 
three major areas of biomedicine: (1) Transplantation medicine, (2) Pharmaceutical 
research and development and (3) Human developmental biology. 

1. Transplantation Medicine— The potential therapeutic impact of hES cells in 
transplantation medicine is enormous because of their expected capability to 
produce virtually unlimited quantities of any cell in the body. I n addition, they have 
the potential to be genetically engineered to prevent their immune rejection by the 
transplant recipient. Examples of medically relevant cells that could be developed 
and tested for transplantation therapies in humans include the following: 

(i) Cardiomyocytes— Heart muscle cells do not proliferate during adult life. When 
heart muscle is damaged by injury or ischemia, functional heart muscle is replaced 
with non-functional scar tissue. Congestive heart failure, a common consequence of 
heart muscle or valve damage, affects nearly 5 million people in the United States, 
with 400,000 new cases diagnosed each year. In addition, about 1.5 million people 
each year suffer myocardial infarction, the primary cause of heart muscle damage, 
and about one third of them die. 

Mouse cardiomyocytes derived from mouse embryonic stem cells have been pre- 
pared and injected into the hearts of recipient adult mice. The injected 
cardiomyoctes repopulated the myocardial tissue and stably integrated with host 
myocardial tissue (Klug, et al., 1996, J Clin Invest 98:216-224). These results sug- 
gest that the development of hES cell-derived cardiomyocytes for cellular transplan- 
tation therapy of congestive heart failure and myocardial infarction in humans is 
technically feasible. 

(ii) Hematopol^ic stem cells.— Bone marrow transplantation is a lifesaving proce- 
dure used in pediatric and adult cancers. In 1995, there were approximately 4,500 
allogeneic (donor) and 8,000 autologous (self) blood and bone marrow transplants 
performed in North America. The number of procedures performed dramatically 
under-serves the medical need. The main factor which limits the number of proce- 
dures is tissue or donor availability. 

Blood-forming stem cells could be developed from hES cells as has been done 
using mouse embryonic stem cells (Kennedy, et al., 1997, Nature 386:488-492). This 
would increase the availability of these cells and reduce reliance on donors. Further, 
hES cell-derived hematopoietic stem cells potentially could be genetically engineered 
to resist infection by such agents as the HIV virus and used in a transplant setting 
for the treatment of Al DS, or possibly used for the treatment of patients with sickle 
cell anemia. 

(iii) Endothelial ca(/s.— (blood vessel forming cells). Endothelial cells have been ob- 
served in hES-derived teratomas in mice and mouse endothelial cells have been de- 
rived from mouse ES cells (Vittet, et al., 1996 Blood 88:3424-3431). These blood ves- 
sel forming cells could be generated from hES cells and used to re-line blood vessels 
for the purpose of treating atherosclerosis, a condition which contributes to over 
650,000 deaths annually in the US. hES-derived endothelial cells could also be used 
for generating new blood vessels in ischemic regions of the heart, brain, or lower 
extremities to treat angina, stroke and arterial insufficiency. 

(iv) Islet cells.— The 1.4 million U.S. patients with Insulin Dependant Diabetes 
Mellitus potentially could be treated with islet cells derived from hES cells and iso- 
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lated for this use. Such human cells are unavailable today and could provide a life- 
long cure for this disease. 

(v) Neurons— \t has been demonstrated that mouse neurons can be derived from 
mouse embryonic stem cells (Bain, et al., 1995, Dev Biol 168:342-357). Neurons de- 
rived from hES cells potentially could be prepared for the treatment of (I) the over 
1 million individuals in the United States who suffer from Parkinson's disease, (ii) 
the 500,000 U.S. citizens who suffer a stroke each year, and (iii) even Alzheimer's 
disease, which now affects over four million Americans. 

(vi) Fibroblast and kerati nocyte ski n cells.— d mice have been observed in cultures 
of differentiated mouse ES cells (Bagutti, et al., 1996, Dev Biol 179:184-196). We 
expect that comparable human skin cells could be produced from hES cells and used 
for wound healing and the treatment of burns. 

(vii) Chondrocytes.— cartWage forming cells, also observed in hES-derived 
teratomas in mice, could potentially be generated from hES cells for cartilage re- 
placement in osteoarthritis which affects over 16 million Americans, or rheumatoid 
arthritis which affects over two mi 1 1 i on persons in the United States. 

2. Pharmaceutical research and ds/elopment.— The potential to produce and sup- 
ply unlimited quantities of normal human cells of virtually any tissue type could 
have a major impact on pharmaceutical research and development. Until now, the 
only cell lines available for this work were either animal in origin or abnormal 
transformed human cells. Permanent, stable sources for normal human differen- 
tiated cells may be developed for drug screening and testing, drug toxicology studies, 
as well as new drug target identification. Further, because hES cells express 
telomerase and can therefore undergo multiple rounds of a sophisticated type of ge- 
netic engineering called gene targeting, cellular models of human disease could be 
developed for use in drug development. Finally, cell lines derived from hES cells 
may be useful for developing screens for teratogens (drugs causing birth defects), 
extending the capability of current assays based on bacterial and murine systems. 

3. Human reproductive and d&/elopmental b/o/ogy.— Unraveling the biology of 
hES cells as they differentiate into functional cell types in vitro offers a unique plat- 
form to understand and harness nature's mechanisms of embryonic development, 
tissue differentiation and repair. Such understanding has potential for contributing 
to (i) the treatment of fertility disorders which affect one out of every six couples 
in the U.S. trying to become pregnant, (ii) the prevention of premature pregnancy 
loss, estimated to be 15 percent of recognized pregnancies in the US, and (iii) the 
diagnosis and prevention of birth defects which afflict 3 percent of live births in the 
US. 

Until now, the early developmental events which naturally occur during human 
embryogenesis have been inaccessible to direct study. The availability of hES cells 
may facilitate a molecular understanding of how specific human tissues and organs 
develop without conducting research on human embryos or fetuses. Further, it is 
possible that novel genes which fundamentally control tissue differentiation could 
be identified by the application of genomic technologies to cultured hES cells as they 
differentiate into a variety of functional cell types. These new gene products may 
have potential to be developed into therapeutic proteins with possible applications 
including wound healing, stroke, myocardial infarction, spinal cord injury, and tis- 
sue regeneration. 

These potential clinical applications would utilize suspensions of hES cell-derived 
differentiated cells administered by injection. With further technical development, 
complex multi-cellular solid tissues and organs potentially could be developed for 
application in organ support therapies for lung, kidney, liver, cardiac and brain dis- 
eases. While the biomedical and therapeutic promise of hES cells is vast, it should 
be emphasized again that the additional research and development required to real- 
ize this potential is significant. 

This Breakthrough is Enhanced by Geron's Technology 

Geron's focus is on identifying and modifying for therapeutic purposes the molec- 
ular mechanisms that control cellular aging and replication. The company and its 
collaborators have cloned the enzyme telomerase which extends the replicative ca- 
pacity of cells. The application of telomerase gene transfer technology to hES cells 
is part of Geron's ongoing work in cell and gene therapy and flows from its pub- 
lished results on extending cellular replicative potential as reported in Science ear- 
lier this year (Bodnar, et al., 1998, Science 349-352). Telomerase activity is quickly 
down-regulated after hES cells differentiate. The ability to reactivate telomerase in 
differentiated cells derived from hES cells could prolong their replicative lifespan in- 
definitely and thereby make them the preferred cells for applications in transplan- 
tation medicine because they should be long-lived and form a durable graft. 
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The History of hES Cell Derivation 

Work to derive and maintain undifferentiated piuri potent celi iines dates back to 
the 1960s with the demonstration that certain cancer-derived mouse ceiis were ca- 
pabie of forming muitipie tissue types. These cancerous ceiis proved to be of iimited 
research utiiity, and efforts continued to derive non-cancerous, seif-renewing, 
piuripotent stem ceiis from mouse embryos. Eventuaiiy, the successfui derivation of 
murine embryonic stem ceiis from the inner ceii mass of mouse biastocysts in 1981 
aiiowed cuiture conditions to be defined that supported their uniimited propagation. 
These ceiis were soon shown to be totipotent and capabie of contributing to the germ 
iine in mice (passed on from generation to generation). The use of murine embryonic 
stem ceiis in gene targeting experiments has resuited in deveiopment of numerous 
mouse modeis of human disease (knock-out mice) and has provided vaiuabie insights 
into deveiopmentai bioiogy, much of which has been appiied to human medicine. 
However, these experiments aiso demonstrated that there are major differences in 
deveiopmentai biology between mice and humans. These fundamental differences 
formed a rationale to pursue the derivation of embryonic stem cells from higher 
mammals. 

Methods developed for deriving mouse embryonic stem cells were applied toward 
deriving embryonic stem cell lines from other animals such as sheep (1987), hamster 
(1988), pig (1990), and rabbit (1993). The first non-human primate embryonic stem 
cell was described by Dr. J ames Thomson at the University of Wisconsin, Madison 
in 1995. The derivation process for primate embryonic stem cells differed from 
methods developed for the mouse and other non-primate species. F urthermore, there 
are differences between primate ES cells and other ES cells. For example, currently, 
primate embyonic stem cells have a absolute requirement for feeder layers of irradi- 
ated fibroblasts in order to propagate in the undifferentiated state in vitro. They 
also differ from mouse ES cells in colony appearance and biochemical surface mark- 
ers. 

Like other mammalian embryonic stem cells, however, primate embryonic stem 
cells differentiate and form tissues of all three cellular layers when injected into 
immu nodeficient mice, proving their piuri potency. Published reports show that these 
primate embryonic stem cells have been maintained in culture for more than a year, 
during which time they have retained their pluripotency, self-renewing capacity, 
and their normal karyotype (Thomson, et al., (1995), PNAS 92:7844-7848). 

Dr. Thomson subsequently applied his primate embryonic stem cell derivation 
technology to voluntarily donated in vitro fertilized human blastocysts. He now re- 
ports the first successful derivation and propagation of human embryonic stem cells 
which, like the primate embryonic stem cells derived earlier, are piuripotent, i self 
renewing, and telomerase positive with a normal karyotype (Thomson, et al., (1998) 
Science, in press). 

TheDerivation of Human Embryonic Stem Cells 

In vitro fertilized preimplantation stage blastocysts, produced initially but not 
used for clinical purposes, were donated voluntarily with conformed consent, by cli- 
ents undergoing in vitro fertilization procedures. The derivation protocols were ap- 
proved by the University of Wisconsin Institutional Review Board. After culturing 
to the blastocyst stage, the inner cell masses were recovered and cultured on irradi- 
ated mouse embryonic fibroblast feeder layers. After about two weeks in culture, the 
hES cells were dissociated and replated on fresh feeder layers. The hES cells were 
thereafter maintained for months in the undifferentiated state by serially sub-cul- 
turing onto fresh, irradiated mouse embryonic fibroblast feeder layers (Fig 1). 

The Demonstration of Pluripotency 

The capability of hES cells to differentiate into virtually any cell in the body was 
demonstrated by experiments in which the hES cells were injected into severe com- 
bined immu nodeficient (scid) mice. Each of the injected cell lines produced non-ma- 
lignant tissue masses (teratomas) that contained a wide range of human differen- 
tiated cells and tissues, including gut epithelium (endoderm); cartilage, bone, 
smooth and striated muscle (mesoderm): and neural epithelium, embryonic ganglia 
and stratified squamous epithelium (ectoderm). These three cellular layers 
(endoderm, mesoderm and ectoderm) have the potential to form all the cells in the 
body (Fig 2). 


ihES cells are referred to as piuripotent. All non-human ES cells are referred to as totipotent 
(capable of developing Into the whole organism). The only way to prove totipotency Is to derive 
an organism from the cell. This has been done with animal ES cdls but will not be done with 
hES cells for ethical reasons. 
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TheSignificanceofTdomeraseExpression in hES Cells 

In general, cells that express telomerase have the ability to divide indefinitely. 
Cells not expressing telomerase (most cells of the body) have a limited replicative 
capacity. hES cells express telomerase and therefore have infinite replicative capac- 
ity. 

Telomerase is an enzyme, cloned by Geron and collaborators, that maintains the 
length of the telomeric regions (ends) of chromosomes and thereby prevents cell se- 
nescence. In fact, telomerase expression is highly correlated with replicative immor- 
tality in certain human cells. Similarly, re-introduction of telomerase by gene trans- 
fer into normal telomerase-negative cells confers replicative immortality (Bodnar, et 
al., 1998, Science 349-352). Telomerase activity is continuously present in adult 
male reproductive tissue and is present in human fetal heart, liver, and kidney cells 
but only for the first 11-15 weeks of embryonic development. 

The benefits of telomerase expression in hES cells are twofold. First, the cells are 
immortal, enabling the production of an unlimited supply of undifferentiated 
pluripotent cells. Second, the cells are amenable to a sophisticated type of genetic 
engineering called gene targeting which allows the insertion of new genes to specific 
sites on the chromosome to enhance their expression and control. 

Germ's I ntellectual Property Posit! m in hES Cells 

Geron's intellectual property estate in the embryonic stem cell field consists of: 

1. A worldwide license to the stem cell patent estate of Dr. J ames Thomson and 
the Wisconsin Alumni Research Foundation. Licensed patent applications include 
primate and human embryonic stem cells and related diagnostic and therapeutic 
products. A broad claim has already been allowed in the US from this estate cov- 
ering primate embryonic stem cells with the characteristics described in the Thom- 
son Science paper just published. 

2. A worldwide license to the stem cell patent estate of Dr. J ohn Gearhart and 
thej ohns Flopkins University. This license includes all applications of human em- 
bryonic stem cells including diagnostic and therapeutic products. 

3. A worldwide license to patent applications of Dr. Roger Pedersen and the Re- 
gents of the University of California covering diagnostic and therapeutic products 
based on hES cells. 

4. A license of the Genpharm patents on genetic modification of human and pri- 
mate embryonic stem cells by homologous recombination (gene targeting). This es- 
tate consists of four issued US patents and eight pending US patent applications. 

5. Geron-owned patent applications including screens for hES cell growth factors, 
media formulation and preferred growth conditions, and also relating to telomerase 
gene transfer and recombinant telomerase expression in embryonic stem cells and 
their derivatives. 

TheEthical Cmsideratims in hES Cell Product D&/elopment 

These hES cells are derived from in vitro fertilized blastocysts. IVF clinic patients 
voluntarily donated the blastocysts with informed consent. The University of Wis- 
consin-Madison Institutional Review Board approved all of the research protocols. 
Geron's intended hES cell research as well as that of its collaborators is conducted 
within the suggested guidelines of the 1994 report by the NIFI Fluman Embryo Re- 
search Panel. 

Fluman embryonic stem cells are obtained from in vitro fertilized human 
blastocysts and capable of differentiating into virtually any cell in the body. Flow- 
ever, hES cells are derived from the blastocyst inner cell mass by a laboratory proc- 
ess and are not the cellular equivalent of an embryo. 

The small cluster of cells (inner cell mass) within the in vitro fertilized blastocyst 
from which the hES cells are derived have not yet differentiated and are 
unspecialized. The inner cell mass does not form discrete parts of an individual em- 
bryo as one or more of these inner mass cells can be removed from the blastocyst 
(for preimplantation diagnosis) without affecting subsequent fetal development after 
transfer to the uterus. If hES cells were to be transferred to a uterus, the hES cells 
would not form an embryo because other cells necessary for implantation and 
embryogenesis have been lost in the derivation process. 

Geron has adopted the conclusion of the NIFI Fluman Embryo Research Panel in 
its 1994 report. The cells will not be used for (I) cloning humans, (ii) transfering 
to a uterus, or (Hi) generating human-human or human-animal chimeras (live ani- 
mal hybrids produced by mixing embryonic stem cells of different individuals or spe- 
cies). 

Geron has formed an independent Ethics Advisory Board composed of prominent 
bioethicists to advise the company on the ethical implications of hES cell product 
development strategies. The Board has unanimously agreed that research on hES 
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cells can be conducted ethically If performed within the guidelines adopted by Geron 
Corporation and Its collaborators. To complement Its Internal research and develop- 
ment, Geron Corporation maintains sponsored research collaborations with Dr. 
J ames Thomson, Dr. J ohn Gearhart and Dr. Roger Pedersen, nationally prominent 
investigators in human stem cell research whose protocols have all been reviewed 
and approved by their respective I nstitutional Review Boards. 

The N&(t Steps in hES Cell Research and De/elopment 
Now that the major bottleneck in developing hES cell-derived cells and tissue for 
transplantation has been eliminated with the derivation of hES cells, Geron plans 
to develop other supporting technologies including: 

(I) Human embryonic stem cell production, scale up and genetic engineering— A 
standardized process will need to be developed for large-scale production of hES cell- 
derived differentiated cells for transplantation. Quality control criteria will need to 
be developed for the feeder lines, culture media, growth factors, sterility assays and 
phenotypic markers used for the clinical production of hES cells. Protocols will need 
to be developed and optimized for genetically engineered hES cells. Techniques of 
gene targeting 2 (homologous recombination) will need to be optimized. 

(ii) Differentiation con tro/.— Technologies using tissue-specific promoters and drug 
selection strategies will need to be developed to direct the differentiation of these 
cells towards the desired final cell and tissue product. Other methods of cell purifi- 
cation such as cell sorting will also need to be explored. Factors useful to drive cells 
toward specific differentiation states will need to be identified and used in conjunc- 
tion with drug selection-enrichment technologies. Techniques will need to be devel- 
oped to prevent the rejection of hES cell derived tissues by transplant recipients. 

(ill) Primate model de/elopment.— Human therapeutic products derived from hES 
cells will require in vitro and animal testing. With Geron's license to the non-human 
primate embryonic stem cells of monkeys (also identified by Dr. Thomson at the 
University of Wisconsin-Madison), Geron has the capability to develop and test its 
proposed therapeutic products in a highly useful primate model. 

This continuing research and development activity will constitute Geron Corpora- 
tion's hES cell technology development program. Geron has work plans in place with 
Drs. Thomson, Gearhart and Pedersen, and will seek to collaborate with other aca- 
demic centers and biotechnology and pharmaceutical companies in developing these 
therapeutic opportunities. 

The availability of pluripotent, self-renewing hES cells that can be differentiated 
into bulk-manufactured, functional, youthful cells and tissues will potentially usher 
in a new era of therapeutic opportunities in transplantation medicine, pharma- 
ceutical research and development, and developmental biology that could positively 
impact many millions of patients worldwide. 


2Gene targeting is a sophisticated technique of genetic engineering which aiiows the gene of 
interest to be "targeted to" a specific and desired iocation in the chromosome, thereby aiiowing 
the gene of interest to be controlied by the normai reguiators of that gene's expression. Because 
gene targeting requires severai rounds of selection, each requiring multiple cycles of cell divi- 
sion, only immortalized cells have sufficient replicative capacity to be suitable for this form of 
genetic engineering. 
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Cultured Bi^ocyst Isolated Inner Cell Mass First Plating 



EgtaPigrieq Cultures Second Pitting to Establish Colonies 


Figure I 


Derivation of hES Cells 


Graphic depicts derivation of hES cells from the hner cell mass of a cultured blastocyst to establish stable 
hES cell lines h culture dishes. 
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Figure 2 


Differentiation of hESCelb intoThree Germ Layers 


Graphic depicts the potential for hES celis (derived from the hner ceii mass of the bhstocyst) to 
differentiate hto any and all cell types and tissues h the beady. Photomicrag'sphs of actual human 
differentiated tissue contaning nerve (ectoderm), gut (endoderm),and striated raise Is (mesoderm) 
tissue v,lich illustrate examples of all three tissue layers resuKing from hES cell differentiatbn. 


GLOSSARY 

First Derivation of Human Embryonic Stem Cells 

Allogeneic When describing transplantation biology, the donating individual is of 
the same species, but not one’s self. 

Angina: A condition with severe and constricting pain, usuaiiy referring to the 
heart. 

Autologous: When describing transpiantation bioiogy, the donating individuai is 
one's seif. 

Blastocyst: In mammalian embryology, the preimplantation embryo consisting of 
a sphere of cells with an outer cell layer, a fluid-filled cavity, and a cluster of cells 
on the interior that is the inner cell mass. 

Cardiomyocytes: Mature, differentiated heart muscle cells. 

Chondrocytes: Mature, differentiated cartilage cells chromosomes: Composed chief- 
ly of DNA, they are the carrier of genes, the hereditary information. 
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Cloning: A term that is applied to genes, cells or entire organisms that are de- 
rived from, and are genetically identical to, a single common ancestor gene, cell, or 
organism, respectively. 

Differentiate To undergo a cellular progression to a more specialized type. 

Embryo (human): An organism at its earliest stage of development which has the 
potential, if transferred to a uterus, to develop in the normal course of events into 
a living human being. 

Embryogenesis: The process of embryo formation. 

Feeder layers of irradiated mouse fibroblasts: mouse cells which have been treated 
to prevent their division, but which produce important growth factors allowing ES 
cells to repopulate. 

Fibroblast cells: Cells that give rise to connective tissue. 

Keratinocytes: Cells that synthesize keratin as in the skin, hair, and nails. 

Gene targeting: The insertion of DNA into specific sites or genes within the ge- 
nome of selected cells to alter gene expression for therapeutic applications. 

Genome The genetic material (complete set of chromosomes) of an organism. 

Genomic technology: S^uencing genes and their expression products. 

Fiematopoietic: Pertaining to the formation of blood cells. 

hES cells: Human embryonic stem cells, they are immortal (self-renewing), 
telomerase positive, and pluri potent. 

Flomologous recombination: A process whereby a specific gene sequence within the 
genome is replaced with a related gene sequence using the cellular recombination 
enzymes. 

Inner cell mass: The cluster of cells within the blastocyst from which hES cells 
are derived. 

Implantation: Attachment of a blastocyst to the endometrium. 

In vitro: Performed in an artificial environment such as a test tube. 

In vivo: Performed in a living organism. 

In vitro fertilization (IVF): An assisted reproduction technique in which fertiliza- 
tion is accomplished outside of the body. 

Ischemia: Deficiency of oxygen in a tissue due to obstruction of a blood vessel. 

Isle: cells: Cells of the pancreas that produce and secrete insulin; degeneration of 
islet cells is the cause of Insulin Dependent Diabetes Mellitus. 

Karyotype The chromosomal characteristics of a cell. 

Knock-out mice Mice that have had one or both copies of a specific gene deleted 
or inactivated PageThre^First Derivation of Human Embryonic Stem Cells. 

Murine Of or relating to the rodent family. 

Myocardial infarction: Heart attack. 

Pluripotent: The ability to develop into multiple cell types including all three em- 
bryonic lineages forming the body organs, nervous system, skin, muscle, and skel- 
eton. 

Se/ere combined imunodeficient (scid) mice Mice with the majority of their im- 
mune defenses not functioning. 

Telomerase An enzyme composed of a protein and an RNA template which syn- 
thesizes telomeric DNA at the ends of chromosomes and confers replicative immor- 
tality to cells. 

Telomeres: The ends of chromosomes. 

Teratoma: A non-malignant tumor consisting of different types of tissue caused by 
the growth of embryonic stem cells at an abnormal site in the body. 

Totipotent: The ability of a cell to give rise to all cells and tissues in the body 
including the reproductive organs. 

Undifferentiated: Having no limited or specialized function or structure, as in 
stem cells. 

Zygote Cell formed by union of two gametes— male and female germ cells. 


Questions and Answers 


Science' T echnical 

Question. What is the relationship between human ES cells and other human 
stem cells? 

Answer. First, under appropriate in vitro conditions, hES cells repopulate them- 
selves while remaining in the undifferentiated state. They are, therefore, a poten- 
tially continuous source of pluripotent human stem cells which could be developed 
to generate specific cells or tissues and scaled-up to commercial manufacturing lev- 
els for transplantation therapies. It has not been possible to maintain in vitro long 
term self-renewing capacity in the undifferentiated state with any other human 
stem cell. The ability of hES cells to propagate indefinitely in the undifferentiated 
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state without losing pluripotency is one of the characteristics that distinguishes 
them from all other stem cells discovered to date in humans. 

Second, other human stem cells have only a limited capacity to form differentiated 
cell or tissue types such as blood cells (CD34+ stem cells) or connective tissues 
(mesenchymal stem cells). hES cells, in contrast, have the unique capability to form 
any and all cell and tissue types in the body. 

Question. Could these cells be used to grow entire organs? 

Answer. Human Embryonic Stem cells form differentiated tissues with organ-like 
features when injected into immu no-compromised mice. Under appropriate labora- 
tory conditions and with the development of supportive technologies, it may be pos- 
sible to grow multicellular tissues and perhaps whole organs in a laboratory envi- 
ronment for subsequent therapeutic applications in humans. 

Question Will additional hES cells be derived? 

Answer. Although much of the basic research and developmental work required 
to translate this discovery into products of medical value can be performed on the 
hES lines already isolated by Dr. Thomson, other hES lines will be isolated to sup- 
port product development. Because the cells are believed to be immortal and 
pluripotent, and are amenable to sophisticated forms of genetic engineering, we en- 
vision the possibility of producing multiple types of transplantable tissues from sin- 
gle hES lines, reducing the necessity to routinely generate new ES cell lines for each 
application. 

Question. How does this technology relate to cloning human beings? 

Answer. As has been documented with animals, the basic technology required to 
clone mammals is already available, although not at this point reduced to reliable 
practice. Dolly was one success in 278 attempts. To our knowledge, Dolly and all 
other animals cloned to date, were cloned using nuclear transfer procedures which 
utilize adult cell nuclei and enucleated egg cell cytoplasm, not embryonic stem cells. 
Using nuclear transfer procedures, it might be possible in the future to clone human 
beings, without use of hES cell technology. 

However, Geron fully supports the current ban in the State of California on 
cloning human beings for reasons outlined in the 1997 report of the National Bio- 
ethics Advisory Commission on human cloning. 

Medical Potential 

Question. What are the hurdles to developing therapeutic applications of this tech- 
nology— for example, growing heart muscle cells for heart disease patients? 

Answer. Many lessons have been learned from animal experiments with heart 
muscle, nerve and certain blood cells. For example, heart muscle cells have been de- 
rived from mouse embryonic stem cells and have been injected into hearts of adult 
mice where they were shown to functionally integrate into the heart muscle. In 
order to accomplish this, the mouse embryonic stem cells were genetically modified 
using procedures that allowed the selection of only cardiomyocytes from the differen- 
tiating cultures. These genetically- based differentiation technologies will need to be 
tested in primate and hES cells in an attempt to produce cardiomyocytes of suffi- 
cient purity. 

Question. How long will it take before you begin any human clinical trials using 
this technology? 

Answer. Many technologies will need to be developed to realize the full potential 
of the clinical applications of hES cells. Furthermore, these applications, once devel- 
oped, will need to be tested in primate models. It is therefore difficult to predict how 
soon human clinical trials using this technology could begin. 

Question. Would it be easier— and just as effective— to work with stem cells fur- 
ther downstream, that have already differentiated into specific cell types? 

Answer. There are several approaches now in human clinical trials that utilize 
mature, multipotent stem cells (blood-forming cells, neuron-forming cells and car- 
tilage-forming cells). These human trials will provide valuable insights toward the 
use of stem cells in transplantation procedures. However, each of these approaches 
requires that an individual donor (or the patient) be used as the source of the cells 
which are then subsequently processed in a laboratory and transplanted. These pro- 
cedures, necessary to address tissue sourcing constraints and immune system rejec- 
tion, are costly, time consuming, and inefficient. These downstream stem cells have 
already differentiated and are therefore more difficult to modify to make them tis- 
sue compatible. 

Telomerase positive hES cells, on the other hand, are believed to be self-renewing 
and therefore scalable. One culture line can produce many different tissues thereby 
improving production efficiency. We also believe that hES cells, because they are 
more primitive and developmentally upstream, could be more likely to develop into 
fully functional integrated tissues once transplanted. Further, these hES cells poten- 
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tially can undergo multiple rounds of sophisticated genetic engineering to become 
tissue compatible, thereby eliminating the need to identify compatible donors as a 
source of the cells. 

Business Issues 

Question. How is Geron involved in this breakthrough? 

Answer. We have funded Dr. Thomson's research for three years and collaborated 
with his lab on the characterization of the hES cells he derived. Geron also has a 
worldwide license to this discovery. 

Question. What evidence is there to support that there will be any viable commer- 
cial uses based on this discovery? 

Answer. Several of the proposed hES cell-based therapeutic applications have al- 
ready been demonstrated in mice with murine ES cells. Geron believes it is likely 
that these technologies will be transferable with appropriate modifications. We be- 
lieve that results achieved in animals potentially can be extended and developed 
into viable therapeutic strategies for humans. 

Furthermore, there are commercial applications of hES technology that could be 
reduced to practice before the cells become available for tissue transplantation. We 
expect to collaborate with one or more genomics companies to identify novel genes 
that could be used to generate therapeutic proteins to help regenerate tissue in such 
conditions as spinal cord injury, stroke, or heart attacks. 

Also, cells derived from hES cells may also be commercialized as a technology for 
use in drug screening, drug target identification or even identifying teratogens 
(drugs that cause fetal abnormalities) and therefore make the pharmaceutical re- 
search and development process more efficient. 

Question. What will Geron's sustainable advantage be in competing with other 
stem cell companies? 

Answer. Human embryonic stem cell technology fits in extremely well with 
Geron's telomere and telomerase technology platform. Geron and its collaborators 
have cloned the telomerase enzyme and demonstrated its utility in immortalizing 
cells for potential therapeutic applications. Telomerase gene transfer technology, 
being developed by Geron, could be important for the development of compatible, 
transplantable tissues derived from hES cells that result in durable, long lasting 
grafts. Further, hES cells are the earliest, most upstream pluripotential stem cells 
and the only human stem cell thus far shown to self-renew in the undifferentiated 
state. These characteristics provide unique capabilities to these cells which, we be- 
lieve, will likely translate into technical and commercial competitive advantages. 

Question. What about differentiated stem cells: are there issued or pending pat- 
ents on these later-stage cells by other companies or institutions? 

Answer. There are issued patents and pending patent applications on later stage 
differentiated stem cells and non-primate embryonic stem cells held by other compa- 
nies or institutions. It is possible that Geron may determine it advantageous to ne- 
gotiate a license certain of these technologies. However, the human embryonic stem 
cell occurs developmental I y upstream from all other stem cells and a broad claim 
covering these cells has already been allowed by the US patent office. Importantly, 
we will also attempt to patent genetically engineered downstream cells derived from 
hES cells. Geron will continue to aggressively pursue worldwide protection for this 
technology and subsequent related inventions. 

Question. What about growth and differentiation factors: does Geron need to li- 
cense this technology? 

Answer. Geron may need to in-license certain technologies to enable the develop- 
ment of the full therapeutic potential of hES cells, including certain vector tech- 
nologies, genetic differentiation technologies, and growth factors. We will attempt to 
accomplish this via licensing agreements and other forms of partnerships. 

Question. Isn't there a business risk that work in this field will someday be pro- 
hibited by the government? 

Answer. Geron Corporation believes that the potential benefits to medicine we 
have described are enormously important. Geron, and the scientific and medical 
communities, generally support appropriate scientific and ethical guidelines for con- 
ducting research in the field. All product applications will, as is the case for all new 
therapeutics, be carefully evaluated by the FDA. We anticipate that follow-on re- 
search and development from breakthrough discoveries in science such as hES cells 
will continue to be encouraged. 

Question. Why should any one company be permitted to own the rights to some- 
thing as potentially important and valuable as the hES cell? 

Answer. hES cells that exist outside the body in culture are derived by a specific 
and novel laboratory process, and do not exist in nature, so are therefore patentable. 
Geron will continue to invest in product development based on this discovery. Aca- 
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demic researchers will also work with the cells to develop other potential thera- 
peutic uses for them. 

Ethical/ Social Issues 

Ouestion. Is it possible that using ES cells will eliminate or reduce the need to 
rely on controversial methods of research? 

Answer. hES cells are expected to provide an immediate source of material for the 
development of cells and tissues for application in transplantation therapies. As 
such, hES cells could help relieve the need to continually resource primary human 
fetal -derived tissues. 

Question. Who should control and regulate the use of this technology? 

Answer. The US Food and Drug Administration is the appropriate regulatory 
body to supervise the clinical testing of all therapeutic products derived from hES 
cell technology. 

STATEMENT ON HUMAN EMBRYONIC STEM CELLS BY THE GERON ETHICS ADVISORY 

BOARD 


Background 

Fluman embryonic stem (hES) cells have been derived and subsequently main- 
tained in tissue culture. The hES cells are isolated from donated preimplantation 
embryos (technically, from the inner cell mass within the blatocyst) produced 
through In Vitro Fertilization for clinical purposes. Institutional Review Boards 
(IRBs) have approved the research. All the cell research is conducted within the 
guidelines of the 1994 report of the NIFI embryo research panel and the 1997 Na- 
tional Bioethics Advisory Committee report. 

What makes the hES cells unique and important is that they are: 

1. PI uri potent 

2. Self-renewing 

3. Expressive of the enzyme telomerase 

4. Normal in chromosomal structure 

Because of these features, these hES cells have the potential to make distinctive 
contributions to: 

1. Understanding developmental biology (eg., how tissues differentiate) 

2. Pharmaceutical research (eg., drug discovery and testing) 

3. Transplantation medicine (eg., generation of heart muscle cells, bone marrow, 
etc.) 

There is no intention to use the hES cell lines for cloning a human person, trans- 
fer to a uterus (they could not develop into a fetus), or generating human-human 
or human-animal chimeras (mixing cells of different individuals or species). 

STATEMENT OF THE GERON ETHICS ADVISORY BOARD: 

An Ethics Advisory Board, whose members represent a variety of philosophical 
and theological traditions with a breadth of experience in health care ethics, was 
created by Geron Corporation in J uly 1998. The Board functions as in independent 
entity, consulting and giving advice to the Corporation on ethical aspects of its 
work. The process of the Board's deliberations has included sessions informing the 
Board of the scientific, technical, and product development work of the Corporation. 
Members of the Board have no financial interest in Geron Corporation. 

The Geron Ethics Advisory Board is unanimous in its judgment that research on 
hES cells can be conducted ethically. In order for such research to be conducted 
ethically in the current context, some conditions must pertain. In addition, further 
public discourse will be needed on a range of ethically complex questions generated 
by this research. 

1. The blastocyst must be treated with the respect appropriate to early human 
embryonic tissue. Members of the Board are unanimous in taking a developmental 
view of the moral status of the developing human being. Flowever, we also hold that, 
as human tissue, the blastocyst is to be treated with moral seriousness. Research 
use of the blastocyst requires justification: that justification is found in research 
that aims ultimately to save or heal human life. This means that such tissue is to 
be used only when there is an overriding good to be derived from the research. In 
the view of the Board, the three purposes of research (understanding developmental 
biology, pharmaceutical research, and transplantation medicine) qualify as such 
goods. 

2. Women/couples donating blastocysts produced in the process of In Vitro fer- 
tilization must give full and informed consent for the use of the blastocysts in re- 
search and in the development of cell lines from that tissue. The consent process 
must be undertaken with care, in recognition that donors undergoing In Vitro Fer- 
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tilization are often vulnerable. Donors should understand the potential market Im- 
plications of the research, and should be advised as to whether or not there are any 
proprietary rights In the tissue. 

3. The research will not Involve any cloning for purposes of human reproduction, 
any transfer to a uterus, or any creation of chimeras. 

4. Acquisition and development of the feeder layer necessary for the growth of 
hES cell lines In vitro must not violate accepted norms for human or animal re- 
search. 

5. All such research must be done In a context of concern for global justice. One 
of the reasons the Ethics Advisory Board supports this research Is Its potential to 
contribute to widespread accessible medical Interventions to alleviate human suf- 
fering. Accordingly, In the development of this research and Its applications, atten- 
tion must be paid to how technologies can be developed and utilized fairly for all 
people. 

6. All such research should be approved by an Independent Ethics Advisory Board 
In addition to an Institutional Review Board. 

This analysis applies only to the Isolation of hES cells from In vitro fertilized 
blastocysts. The Ethics Advisory Board has not yet considered the Implication of 
emerging research on other stem cells Isolated from fetal tissues. 

STATEMENT OF ERIC MESLIN, Ph.D., EXECUTIVE DIRECTOR, NA- 
TIONAL BIOETHICS ADVISORY COMMISSION 

Senator Specter. Our final witness on this panel is Dr. Eric 
Meslin, executive director of the National Bioethics Advisory Com- 
mission, Ph.D. in philosophy from the Kennedy Institute of Ethics 
at Georgetown 1989, authored and coauthored some 40 book chap- 
ters and articles on bioethics, and is a senior research fellow at 
Georgetown University. 

We appreciate your joining us. Dr. Meslin, and look forward to 
your testimony. 

Dr. Meslin. Thank you very much and good morning, Mr. Chair- 
man. I am pleased to appear before you and offer some brief re- 
marks on the subject of human stem cell research. Since I only 
learned late yesterday afternoon that I would be testifying, with 
your permission I will submit my written testimony for inclusion 
in the written record soon after this hearing is complete. 

Senator Specter. Yes; that would be fine. We appreciate your 
coming. We had called upon the chairman of the commission and 
we did give late notice. When we reviewed our witness list, we 
thought that we ought to hear from you since the President had 
written to you and you had responded. So we thank you for coming 
on short notice. 

Dr. Meslin. My pleasure. 

Mr. Chairman, as you know, on Thursday, November 14, Presi- 
dent Clinton wrote to Dr. Harold Shapiro, chair of NBAC, express- 
ing concern about the report of an apparent experiment that in- 
volved the fusion of a human cell with a cow egg. The President 
requested that NBAC "consider the implications of such research at 
your meeting next week and to report back to me as soon as pos- 
sible." The President also requested that NBAC undertake a thor- 
ough review of the issues associated with human stem cell re- 
search, balancing all ethical and medical considerations. 

NBAC met 3 days later on November 17 for a regularly sched- 
uled meeting and, in response to the President's first request, in- 
cluded on its agenda a discussion of the human cell-cow egg experi- 
ments. I must say that the commission was aided in these discus- 
sions greatly by consultations via telephone with Dr. Ralph 
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Brinster of the University of Pennsylvania. Also in attendance at 
this meeting was Dr. West, from whom you have already heard. 

Following the commission's discussions, Dr. Shapiro prepared a 
letter which he sent to President Clinton on November 20, a copy 
of which NBAC has made available to this subcommittee and is, I 
might add, available on our website at www.bioethics.gov. 

Mr. Chairman, now that the commission has responded to the 
first of the two requests made in President Clinton's initial letter, 
we are now turning our attention to preparing a comprehensive re- 
port on the ethical, legal, scientific, and medical issues arising from 
research involving human stem cells. We intend to complete this 
report as quickly as possible and very likely by early spring. 

The commission next meets on J anuary 19 and 20 of the coming 
year and we have already decided to devote the majority of our 
meeting to this subject. As with all commission reports, we intend 
to consult widely with the public, with scientists, with health pro- 
fessionals, with bioethicists, with industry. Government officials, 
and others who can provide us with the benefit of their wisdom. 

PREPARED STATEMENT 

In particular, NBAC looks forward to working with you and your 
subcommittee in the coming months, and I would be delighted to 
extend my staff's offer to work with your staff and to brief them 
on our work as we seek their input. 

Thank you very much, Mr. Chairman, for the opportunity to ap- 
pear before you this morning. 

Senator Specter. Thank you. Thank you very much. Dr. Meslin. 

[The statement follows:] 

Prepared Statement of Eric M. Meslin 

Good morning Mr. Chairman and distinguished members of this subcommittee. 
My name is Eric Mesiin. I am the Executive Director of the Nationai Bioethics Advi- 
sory Commission, aiso known as NBAC. I am pieased to appear before you this 
morning and offer some brief remarks on the subject of human stem celi research. 
However, since I oniy iearned iate yesterday afternoon that I wouid be testifying, 
with your permission, I wiii submit my written testimony for inciusion in the writ- 
ten record soon after this hearing is compiete. 

Mr. Chairman, as you know, on Thursday, November 14, 1998, President Ciinton 
wrote to Dr. Harold T. Shapiro, Chair of the National Bioethics Advisory Commis- 
sion, expressing concern about the report of an apparent experiment that involved 
the fusion of a human cell with a cow egg. The President requested that NBAC "con- 
sider the implications of such research at your meeting next week, and to report 
back to me as soon as possible." The President also requested that NBAC "under- 
take a thorough review of the issues associated with * * * human stem cell re- 
search, balancing all ethical and medical considerations." A specific time frame was 
not given for this latter study. 

NBAC met three days later, on November 17, 1998 for a regularly scheduled 
meeting, and in response to the Presidents first request, included on its agenda a 
discussion of the human cell/cow egg experiments. [The Commission was aided in 
these discussions by consultations via telephone with Dr. Ralph Brinster. Also in 
attendance at this meeting was Dr. Michael West, of Advanced Cell Technology, who 
was given an opportunity to answer questions.] 

FoTlowing the Commission's discussions Dr. Shapiro prepared a letter, which he 
sent to President Clinton on November 20, 1998, a copy of which NBAC has made 
available to this subcommittee. 

Mr. Chairman, now that the Commission has responded to the first of the two 
requests made in President Clintons letter, we are now turning our attention to pre- 
paring a comprehensive report on the ethical, legal, scientific and medical issues 
arising from research involving human stem cells. We intend to complete this report 
by late spring 1999. The Commission next meets on J anuary 19-20, 1999 and will 
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devote the majority of our meeting to this subject. As with aii Commission reports, 
we intend to consuit wideiy with the pubiic, with scientists, heaith professionais, 
academics, industry, government officiais and others who can provide us with the 
benefit of their wisdom. In particuiar, NBAC iooks forward to working with you and 
your subcommittee in the coming months. I wouid be deiighted to work with your 
staff to brief them on our work and seek their input. 

Thank you very much Mr. Chairman for the opportunity to appear before you this 
morning. 


FETUS DESTRUCTION 

Senator Specter. Mr. Doerflinger, you stated that the fetus de- 
struction should not be geared toward research. If fetal material is 
available, then, in a manner which does not arise from being 
geared toward research, do you find that research acceptable? 

Mr. Doerflinger. For Federal funding? 

Senator Specter. Yes. 

Mr. Doerflinger. We do not, though I understand that is the 
current law. I have no reason to believe that Dr. Gearhart's experi- 
ment would not have qualified under that part of the law in terms 
of obtaining the tissue only after the abortion and not getting in- 
volved in the informed consent process of the woman and so on. 

Senator Specter. Why do you make the distinction, as you did 
in your testimony, that there is a difference, as I understood your 
testimony, where there is fetal destruction geared toward research 
contrast^ with fetal destruction which is not geared toward re- 
search? You think there is a significant distinction there? 

Mr. Doerflinger. I think the law recognizes a distinction, be- 
cause it requires that if the tissue research is going to be federally 
funded there cannot be any influence upon the timing, manner, or 
method of the abortion on the part of the researcher. This is de- 
signed as a way of creating a kind of wall of separation between 
the research on the subsequent tissue and the actual abortion. 

We think that wall is rather porous. We believe that when Gov- 
ernment requisitions tissue from abortions generally it collaborates 
with an industry we do not think it should be collaborating with, 
and it tends to legitimize abortion as a way to produce useful mate- 
rial. We also think that the avenues for getting these tissues from 
other sources, such as miscarriages and ectopic pregnancies, have 
not been sufficiently explored. The Bush Administration began to 
fund a project in exploring those avenues, but that was shut down 
by the Clinton Administration before it produced any results. 

I think the issue, though, is also raised with regard to the use 
of the stem cell lines from the Wisconsin experiment, because even 
though it does not involve what we would ordinarily call an abor- 
tion, it does involve destroying embryos to get the stem cells. The 
current fetal tissue law does cover embryos as well as fetuses, but 
it speaks in terms of induced abortion instead of in terms of de- 
struction in the laboratory. I think that nobody was thinking of 
this then when they framed the law. 

But the question is whether these embryos were destroyed in a 
certain way, in a manner and timing that is geared toward pro- 
ducing these cell lines. If that is the case, then does it not violate 
that wall of separation that the Congress was trying to create be- 
tween the motives for destroying the embryo and the motives for 
using the subsequent tissue? 
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Senator Specter. Well, I think you raise a very valid point when 
you raise the porous issue if there is a subterfuge here. You think 
there may be some line, as fetal tissue from miscarriages where, 
as you put it, it would not be a porous line, but one which could 
be determined that the fetal tissue was not obtained for experi- 
mental purposes, but happened in the natural course where the 
fetus could not survive? 

Mr. Doerflinger. Well, that is right. If the tissue is available 
because of death by accident, there is no question of mixed motives 
or collaborating with the decision to destroy. I should mention that 
it is footnoted in my longer statement that the National Catholic 
Bioethics Center did a book-length study of this in league with Dr. 
Maria Macheta of Georgetown University and was able to deter- 
mine that Catholic hospitals would be willing to provide the re- 
sources for obtaining tissue of that kind that is not from induced 
abortion and of banking it so that cell lines could be developed that 
might be useful in these areas. 

Senator Specter. Mr. Doerflinger, you also made a distinction 
between embryos at, I think you said, implantation contrasted with 
pre-implantation. Was that your testimony? 

Mr. Doerflinger. That is a distinction that is in the current 
regulations. The current regulations, the Code of Federal Regula- 
tions, protects the embryo from implantation onward. The effect of 
the appropriations riders that have been in effect for the last 3 
years was to extend similar protection to the embryo in the labora- 
tory who has not been implanted in the womb. 

Senator Specter. Well, that raises the question which Dr. 
Caplan testified to, and I appreciate your view on it, where he 
characterized the situation as tissues to be otherwise destroyed or 
tissues not to become human beings. If you take his definition on 
an embryo, where it is not to become a human being and it is to 
be otherwise destroyed, do you see an ethical objection to using the 
embryo in that circumstance? 

Mr. Doerflinger. Yes; I think the nature of the moral argument 
here— and it is something Congress debated at some length in 
1995— is because someone else in the private sector ultimately 
plans to discard this embryo, why do we not destroy it ourselves? 
To be quite frank, Mr. Chairman, I think you could leave as chair- 
man of this committee and close down the committee if that is the 
basis on which this committee is going to make decisions, if you are 
going to just fund something that anybody else in the private sector 
is goi ng to do anyway. 

But what we think is that when Congress appropriates funds it 
decides there are certain things out there that, even though other 
people are going to do them anyway, we are not going to do with 
the taxpayers money. That is why we have bans on abortion fund- 
ing even though abortion is legal. 

The analogy limps a bit here because in this case two of these 
three experiments I believe would not be legal in your home State 
of Pennsylvania. They would be felonies. 

Senator Specter. Well, this committee or subcommittee is not. 
No. 1, about to close down; No. 2, not about to make decisions 

Mr. Doerflinger. I hope you do not. 
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Senator Specter. What we are going to do is ask some questions 
and try to figure some things out. Then, if we think we know 
enough, then we will consider making some decisions. 

Mr. Doerflinger. Could I add one point on that, because it is 
something that came up 3 years ago quite a bit. When the effort 
was made in the congressional debate to protect only against the 
special creation of embryos for research and to allow harmful re- 
search on so-called spare embryos, we found a number of state- 
ments from people who run the I VF clinics who were willing to say 
that the distinction was meaningless. Basically, if you allow the re- 
search on spare embryos, then when they do the IVF work, the in 
vitro fertilization work, they will just make more of them up front 
and make sure that they will have spares left after the fact. 

In Australia and the United States, people who run these clinics 
are saying this. So it is an ineffectual distinction to make in terms 
of funding policy, I think. 

Senator Specter. Well, I can understand that, and if you are 
dealing with subterfuges that is something that you have to deal 
with. But before we get to the subterfuge, which I think we would 
all agree is inappropriate what I am trying to get are your views 
on some of the basic points. 

You think that an embryo ought not to be used for research even 
if it is going to be destroyed under circumstances which have integ- 
rity, where you do not make more than you need or you are not 
having a subterfuge, but there is a genuine fertilization issue and 
embryos have been created and now they are not to be used, but 
are to be destroyed? If that is factually true, would you say that 
in the private sector it is unethical to use those embryos for re- 
search purposes? 

Mr. Doerflinger. Yes; I do not think the fact that someone else 
plans to mistreat human life creates any moral burden on you to 
go ahead and mistreat that life yourself. I believe that that is the 
principle that Congress has enacted in various ways in the course 
of debates on fetal research. 

Senator Specter. I am making a distinction now between public 
funding and private funding. 

Mr. Doerflinger. I understand. 

Senator Specter. I asked you the question as to private funding. 
Do you think that 

Mr. Doerflinger. I am just making an ethical point which 
would apply to either. 

Senator Specter. Which would apply to both? 

Mr. Doerflinger. Yes; It seems to me that one of the things 
that Congress did in 1985 to clarify the Federal regulations was to 
say, even if it is crystal clear that someone is intending to have an 
abortion, the fetus that is going to be subject to that abortion 
should not be treated by the Government as deserving any less pro- 
tection from research harm, research risk, than an embryo or fetus 
intended to be carried to term. 

So this was a statement of moral principle. People make indi- 
vidual decisions out in the private sector. There are times when 
you cannot do anything about that. But even when that child has 
been abandoned by his or her own parents, that does not give the 
Government a moral warrant to go and do harm by itself. 
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Senator Specter. Thank you very much. 

Senator Harkin. 

Senator Harkin. Thank you very much, Mr. Chairman. 

I want to ask the scientists who are here. Again, I want to focus 
back on the issue that I brought up with the other panel initially, 
and that is whether or not under the reading of the ban on embryo 
or embryo research— you were here, you heard me read it. I will 
read it again. Section 511: "None of the funds made available in 
this act may be used for the creation of a human embryo or em- 
bryos for research purposes; research in which a human embryo or 
embryos are destroyed, discarded, or knowingly subject to risk of 
injury or death greater than that allowed for research on fetuses 
in utero under" other sections of the law. "For purposes of this sec- 
tion, the term human embryo or embryos includes any organism, 
not protected as a human subject under 45 CFR 46." 

I asked all of the scientists who were here before the question 
of whether or not these stem cells are organisms. And I believe the 
record will show they all said no, it is not an organism. 

Would that be your view. Dr. Meslin? 

Dr. Meslin. I cannot speak on behalf of the commission since we 
did not deliberate about the ban during the several hours that we 
devoted to our discussion 

Senator Harkin. You did not go to the law and look at that? 

Dr. Meslin. Not in the 2 hours that we spent deliberating in re- 
sponse to the President's request. We considered it as an issue that 
we felt was important to raise in the context of our longer study 
and we intend to look at that very carefully in the coming months. 

Senator Harkin. Dr. Okarma. 

Dr. Okarma. My view is that these cells are clearly not orga- 
nisms. They are highly derived by a laboratory process that took 
years to develop, and, in fact, as we have said, are not the cellular 
equivalent of an embryo. Were these cells to be implanted, they 
would not form a conceptus nor develop. 

Senator Harkin. Dr. Caplan. 

Dr. Caplan. Absolutely not an organism. Stem cells lack the ca- 
pacity to become viable, independent, interrelated, functioning enti- 
ties, so they are not organisms. 

Senator Harkin. Let me ask the nonscientist. Mr. Doerflinger? 

Mr. Doerflinger. Thank you. Stem cells are not organisms. 
However, two of the three experiments that were discussed here 
were not experiments on stem cells. They were experiments to get 
stem cells, by in one case creating and then destroying embryos, or- 
ganisms, and in the other case taking embryos already in existence 
and destroying them. 

I n the Gearhart experiment, the question is whether what he has 
created in that tissue culture is only stem cells or in some cases 
is organized enough to be an embryo. He says in his study that 
these bodies in the tissue were forming "complex structures closely 
resembling an embryo during early development," and that "th^ 
appear to recapitulate the normal developmental processes of early 
embryonic stages." 

So I think that it is an open question with regard to Dr. 
Gearhart's experiment whether in the course of this experiment he 
is actually creating some early embryos in the culture. I think the 
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answer is no, but I do not know and I do not know that anyone 
knows. 

The other experiments clearly involve the laboratory manipula- 
tion and destruction of human embryos, which are protected orga- 
nisms. 

Senator Harkin. What was that last thing you said? The other 
ones are not? 

Mr. Doerflinger. The other two experiments, the Massachu- 
setts and Wisconsin experiments, clearly involve the destruction of 
human embryos, which are organisms, in order to obtain from 
them stem cells, which are not organisms. 

Senator Harkin. I did not think that was true of the Massachu- 
setts. 

Dr. Caplan. I do not think it is true, either, in the sense in 
which 

Senator Harkin. It was not true. Mr. Doerflinger, you may be 
closer on the other one, but certainly not Massachusetts. 

Mr. Doerflinger. Massachusetts, because it is a cow cell? 

Senator Harkin. No, no, no. 

Mr. Doerflinger. I could cite you 

Senator Harkin. Dr. West, where did you get your cell from, 
your stem cell? Was it from an embryo? 

Dr. West. Well, it was from an aggregation. It was the product 
of somatic cell nuclear transfer, creating a small group of cells. Its 
status as an embryo would be a matter of debate. I think it is im- 
possible to answer at this point. 

Mr. Doerflinger. I think it has been answered. We have a fact 
sheet which I would be happy to append to my testimony, in which 
most of the leading scientists involved in somatic cell nuclear 
transfer say that when you put a somatic cell nucleus, properly 
prepared, into an enucleated egg what you produce is an embryo. 
It is only because it produces an embryo that we are here debating 
human cloning at all. 

Dr. Caplan. J ust as a quick comment about what is in the dish, 
which is what we are talking about now, it would be optimistic for 
anybody to say that what was created in the Massachusetts report. 
No. 1, is not published; No. 2, is not verified. But more to the point, 
we do not know actually what the capacity or what will happen if 
that particular creation or construct, if someone attempted to grow 
it out. 

When I was testifying before, I suggested that humility rather 
than bright lines might be what we want to bring to this discus- 
sion. It is possible that someone in Massachusetts could culture out 
something from what was in that dish. We have no idea. 

Senator Harkin. It seems to me, then, that looking back on 
where we have been on fetal tissue research, which was banned for 
a number of years and then it was lifted. We had the ban and then 
it became I think clear to a lot of us in the Congress and in the 
administration and in the scientific community— I heard for years 
about the problems that this ban was causing. 

So we lifted the ban, but we replaced it with very strong Federal 
guidelines. So maybe that is what we are looking at here— not a 
ban but putting down strict guidelines as to what can be done with 
this. 
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Dr. Caplan. If you were headed in my direction, I would say it 
does seem to me that the two key moral categories of what we are 
talking about this morning are what are the sources of stem cells 
and where do th^ come from. There are issues there about the use 
of embryos. I tried to suggest in my oral and written testimony 
that it is wrong to say that all embryos are alike. 

I will repeat what Senator Specter drew out of my testimony: It 
does not seem to me ethically sound to treat embryos destined for 
destruction, that no one wants to use, or embryos derived from tis- 
sues that have already been destroyed, from fetal gametes, as on 
a par with specially created human embryos at the IVF clinic that 
you intend to make a baby from. I do not believe the same moral 
framework ought to be applied there. 

It does seem to me that if we want to understand how best to 
responsibly use stem cell research technology, the more public, the 
more accountable, the more oversight we have got, that is the way 
we are going to be able to make the judgments. If we let it just 
stay private, not only will it be slow, it will be hidden, it will be 
secret, and we will not know what people are doing with these ma- 
terials. I think that is not the desirable outcome from a public pol- 
icy point of view. 

Mr. Doerflinger. I do not know, if I can respond to that ques- 
tion as well. I think guidelines may be appropriate in cases where 
you are dealing with tissue that is already tissue, it is already from 
someone who is already dead. What they are talking about is set- 
ting guidelines for how and when to make and destroy human em- 
bryos, and I do not think guidelines alone are sufficient for that. 

I just want to note that in Dr. West's testimony he said that the 
purpose of his experiment is to allow for "the production of a blas- 
tocyst-staged embryo genetically identical to the patient who do- 
nated the nucleus, which then is harvested for its stem cells." If 
you ask are the stem cells an organism, the answer is no. If you 
take my heart out, it is not an organism, either. But the question 
is the experiment involves ripping out the cells from what was be- 
fore a living organism. 

Senator Harkin. Well, we can go into this for a long time. The 
fact is is that we have thousands of embryos now all over the 
United States that are frozen in nitrogen and they are obviously 
going to be destroyed. Let us face it, OK. You are not going to keep 
them forever and ever and ever. 

So if there is a potential of getting the stem cells from those and 
using those for the research, what is wrong with that? Why should 
we not? 

Dr. Caplan. It is not actually thousands; it is tens of thousands. 

Senator Harkin. I do not know how many. 

Dr. Caplan. They seem to be wards of the utility company at this 
point, as long as the electricity holds out. 

Senator Harkin. If these stem cells are indeed— I do not know 
what the proper word— self-replicating, they can keep growing 

Dr. Caplan. Immortal, immortal. 

Senator Harkin. Immortal. Then it would seem to me that we 
already have, Mr. Doerflinger, a source that is already going to be 
destroyed, that were not produced for this purpose because this 
purpose did not exist before. 
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Dr. Caplan. Senator, just to add two points about that. One, 
these are embryos that were not created with any eye toward ex- 
ploitation of research. 

Senator Harkin. Exactly, exactly. 

Dr. Caplan. And I have talked before coming here today with as 
many in vitro fertilization clinic personnel as I could, and they say 
that after a prolonged period of time, say 4 or 5 years, they are not 
going to use these embryos. They do believe there is a diminish- 
ment in their ability to become anything. So not only are we talk- 
ing about embryos that are fated not to be put into any human 
being, we are talking embryos that specialists would not use in any 
human being. 

So it does seem to me again morally a different status applies 
here. I know we have debate this in the past and will undoubtedly 
revisit it again, but I want to say it does seem to me that that 
source for stem cells is very different from a specially created cir- 
cumstance where we head out to make them to use them. 

Senator Harkin. This may be a topic for another hearing, Mr. 
Chairman, and I know you want to wrap this up. 

There is one other area, I am just going to make a statement on 
it, but I believe it is going to really compel us, Mr. Chairman, to 
have some further hearings on this. It has not to do with ethical 
and moral implications of what we are doing here. It has to do with 
the legal implications, of patent laws. 

The article in the Post this morning pointed out that, even if 
Congress resolves the ethical issues, there is a dispute over pat- 
ents. I notice that in your testimony. Dr. Okarma, you talked about 
Geron's intellectual property position, saying that:" Geron's intel- 
lectual property estate in the embryonic stem cell field consists 
of dah-dah-dah— "a worldwide license to the stem cell patent es- 
tate of Dr. j ohn Gearhart and the j ohns Hopkins University. This 
license includes all applications of human embryonic stem cells, in- 
cluding diagnostic and therapeutic products." 

Whew, man. I take a little issue with that one. You may not 
think so, and again this may take us a whole other hour and we 
do not have the time. 

Senator Specter. Senator Harkin, you may be about to start a 
subsequent hearing. 

Senator Harkin. Well, I think, Mr. Chairman, we are going to 
have to have a hearing on this. 

Senator Specter. Well, I think there are many questions which 
we cannot answer in the parameter of a 2-hour hearing, and we 
had targeted conclusion for 11:30 a.m., which is just 2 minutes 
away. 

Senator Harkin. I just wanted to throw it out there. 

Dr. Okarma. M ay I have the courtesy of a response? 

Senator Harkin. Pardon? 

Dr. Okarma. M ay I have the courtesy of a response? 

Senator Harkin. Sure. 

Dr. Okarma. First of all, as you may know, the bulk of patent 
applications, for example, in new gene sequences come not from the 
industry, but from academia, academic centers. Like that, the ap- 
plications that we have taken license to were originated by j ohns 
Hopkins and University of Wisconsin. 
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In terms of the exclusivity and the applications issue that you 
raised, this is a starting point. We recognize that Geron by itself 
could never commercialize all of the opportunities we have heard 
elegantly testified to today. So it is our commercial intent to create 
partnerships with other companies to further the development of 
these life-saving applications. 

Furthermore, if I may use what we have done with our 
telomerase discovery in J anuary of this year, where we published 
in Science the ability to immortalize cells, since that publication we 
have received and responded to over 250 requests from laboratories 
around the world to receive that gene, which we have sent to them 
and allowed, under appropriate constraining guidelines, the kind of 
work that could be funded, is funded bytheNIH in cellular immor- 
talization. And we would propose to perform the same kind of aca- 
demic collaboration with these cells were they fundable by the 
NIH. 

Senator Specter. Thank you very much for that answer. Dr. 
Okarma. 

Senator Harkin. We need another hearing. 

Senator Specter. Senator Harkin suggests another hearing and 
I think there is a need for further hearings on this issue and oth- 
ers. We are on a very, very deep and complex subject and in the 
course of the 2 hours we cannot cover it totally. 

I just want to cover one more point with you. Dr. Okarma, and 
that is your view on the importance of having NIH be free to en- 
gage in this kind of research. Is the private sector, illustrated by 
your company, sufficient to undertake this research, or do you 
think it is desirable to have NIH involved as well? 

Dr. Okarma. It is imperative, essential, that the NIH be involved 
in the development of these applications. 

Senator Harkin. We have Mr. Doerflinger's view on that. Dr. 
Caplan, what is your view on the issue of having NIH involved? 

Dr. Caplan. If the NIH is not involved, the research will go more 
slowly, the research will be driven solely by commercial practi- 
cality, the patent policies will be locked down on basic science, 
which should not happen, and there will be very little account- 
ability. The substitute virtue will be secrecy. I think it would not 
be sound public policy. 

Senator Specter. Dr. Meslin, do you care to offer an opinion on 
that subject? 

Dr. Meslin. My own view is that it is absolutely essential that 
NIH play a leading role. They have been thinking about ethical 
issues as well as the scientific issues for many years, and we are 
anxious to get their views as we deliberate on our own report. 

Senator Specter. Mr. Doerflinger, I think you have expressed 
yourself on this, but I want to give you an opportunity to comment 
further, and perhaps with some focus on the question which I do 
not think you have addressed, raised by others, about the desir- 
ability of having regulations and oversight, which you do not have 
with the private companies, although we could legislate that as 
well. Would you care to supplement your views on the question of 
NIH involvement? 

Mr. Doerflinger. I think funding and regulation are often very 
appropriate to distinguish acceptable research from possible 
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abuses. My problem with some of the experiments discussed here 
is that I believe they are themselves the abuses, so I do not see 
any point in funding them in order to regulate how they are done. 

I think the argument about it being done in secrecy would a 
fortiori apply to the fact that in eight or nine States, as I men- 
tioned earlier including Pennsylvania, they are illegal already any- 
way. So I suppose there would be an argument for also dropping 
all of those criminal statutes against experimenting on embryos, 
but I do not think that is going to be convincing to those who think 
that these statutes are really protecting human life. 

PREPARED STATEMENT OF DANIEL PERRY, ON BEHALF OF THE 
ALLIANCE FOR AGING RESEARCH 

We have received a statement from Daniel Perry, on behalf of the 
Alliance for Aging Research, it will be inserted into the record at 
this point. 

[The statement follows:] 

Prepared Statement of Daniel Perry 

Chairman Specter, Senator Harkin and Members of the Committee: Thank you 
for the opportunity to address the matter of embryonic stem ceii research. As the 
head of a not-for-profit group eager to find cures and preventions for the diseases 
of aging and overaii better heaith and vitaiity for the eideriy, my views on research 
are dictated by the medicai needs of the growing popuiation of oider Americans. The 
Aiiiance for Aging Research, which I represent, works to stimuiate academic, gov- 
ernmentai and privateiy sponsored research into the chronic diseases of human 
aging. I am here to express the Aiiiance’s view that any iegisiation which stops or 
restricts stem ceii research couid seriousiy impede highiy promising research which 
wiii greatiy benefit older Americans, their families and the nation as a whole. 

The United States and much of the world is experiencing a profound and wholly 
unprecedented demographic shift toward greater longevity for human beings. Every 
day in our nation another 6,000 people celebrate a 65th birthday and America's 
Baby Boomers are entering their 50s in even greater numbers. 

I n the decade between ages 50 to 60, the risks to the average person of being di- 
agnosed with hypertension, arthritis or diabetes more than triple. Over the next 30 
years, the United States population over age 65 will double to at least 70 million 
people. Their risks to disease including cancer, stroke, macular degeneration, Par- 
kinson's and Alzheimer's diseases are doubling every five years. The cost of these 
disorders— just in purely economic terms— is staggering. If you add up the costs of 
eight of the major diseases of aging— osteoporosis, stroke, depression, arthritis, Alz- 
heimer's, diabetes, cancer and heart disease— the total is $573 billion annually. 
Only new discoveries from biomedical research hold the hope of delaying or pre- 
venting altogether these debilitating conditions, potentially saving the nation bil- 
lions of dollars. 

U niess scientists discover better ways to treat, postpone and possibly prevent such 
disabling conditions, the burden on Medicare and private insurance will be crushing 
as the Baby Boom generation moves into the high-risk years. Without research 
breakthroughs and their applications, we will be left with the equivalent of very ex- 
pensive hand holding for sick older people. In truth, today's drugs and other rem- 
edies for age-related diseases are not good enough. Even the better versions of cur- 
rent pharmaceuticals are designed to treat only the symptoms of heart failure, ar- 
thritis, and cancer, not the root causes. 

The good news is that there are signs of an historic shift in drug development. 
Advances in genetics research are taking us towards personalized medicines that ex- 
actly match each person's unique needs and biochemical profile. Personalized medi- 
cations would be far more effective in promoting health, and far less likely to carry 
side effects and complications that too often make matters worse, not better, for 
older people. 

Part of the revolution in drug discovery is that some of the largest pharmaceutical 
companies are ready to invest billions to produce drugs that work by postponing the 
onset of diseases, or prevent them entirely by shutting off their genetics switches. 
This has enormous potential for the geriatric population. Even a brief delay in the 
onset of age-related disability can translate into dramatic savings for the economy 
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and for the nation. For example, we estimate that postponing physical dependency 
among older American by just one month would save the U.S. at least $5 billion 
a year in health care and nursing home costs. Postponing the average onset of Alz- 
heimer's disease by just five years would eventually save $50 billion a year in health 
care costs by eliminating half of all cases of that disease. 

With emerging research, there is now good reason to hope that scientific under- 
standing may some day permit new approaches to disabilities driven by the aging 
process itself. As the committee knows, earlier this month at the University of Wis- 
consin, researchers reported they had successfully derived human embryonic stem 
cells with the potential to be transplanted into any part of the body for therapeutic 
use. The Wisconsin researchers believe these cells have the potential to supply un- 
limited quantities of normal cells of virtually any tissue type. The unique qualities 
of human embryonic stem cells will give researchers powerful new tools to under- 
stand mechanisms of cell division and cell repair. 

The long range benefit of this kind of research is not the unlikely possibility of 
greatly extended lifetimes, but the plausible use of this technology to restore dam- 
aged tissues, using self-renewing, plenipotent human cells to treat blindness, coro- 
nary artery damage, diabetes, and other diseases. The ability to maintain long-lived 
colonies of human cells could lead directly to cell transplantation techniques in a 
few years to treat Parkinson's, breast cancer, heart disease, and possibly even Alz- 
heimer's disease. Scientists involved in this research say that embryonic stem cell 
technology has the potential to be used to generate an unlimited supply of healthy 
cells and tissues for repair or replacement in a vast range of medical uses. To deny 
our aging population the opportunity to benefit from this research would be a tragic 
reversal of dramatic recent biomedical progress toward permanent cure of diseases 
that compromise quality of life and which account for so much of our nation's health 
care expenditures. 

At the Alliance for Aging Research, we view recent advances in human stem cell 
research as a major step toward development of "gero-technology." Gero-tech is med- 
ical science harnessing the mechanics of the aging process itself in order to develop 
novel processes and therapies. Ultimately these research techniques could help cure, 
postpone or prevent age-related diseases. The more we learn about the mechanisms 
of aging and the more scientific interest that goes to aging, more new discoveries 
will be made that could improve the health and functional independence of older 
Americans. It would be unwise to put barriers in the way of such research. 

The Alliance supports responsible and sound biomedical research, including 
emerging cellular technologies, that could lead to the development of therapies for 
scores of age-related diseases and disabilities. At this very moment millions of older 
Americans are suffering from Alzheimer's, Parkinson's, cancer, diabetes and other 
chronic health problems of aging. Not only are they suffering, but their families and 
care givers are suffering too, and hoping that scientists will find cures for these dev- 
astating disease and other conditions while there is still time. 

Our chances of finding new ways to prevent and cure debilitating diseases will 
stifled unless bio-medical research into aging matters, including stem cell research, 
is allowed to proceed without hindrance. Certainly, policymakers, ethicists, sci- 
entists and patient groups must discuss and debate, but in the end, it is important 
that we arrive at public policies that allows stem cell and other promising bio- 
medical research to go forward. 

Mr. Chairman, it is likely we will continue to be confronted with scientific ad- 
vances that pose difficult social and ethical questions. The vast majority of Ameri- 
cans strongly support the advancement of biomedical research through the applica- 
tion of their tax dollars. Indeed, surveys consistently show the American people 
want to see even greater efforts against serious and life-threatening diseases. The 
present momentum in the life sciences, and the profound implications of what we 
are learning, will inevitably raise public concerns. 

It is entirely appropriate that as the legislative body which appropriates much of 
the funds for medical research, and as the forum for debate over public issues, the 
Congress exercise its right and responsibility to set public policies concerning med- 
ical research. Surely, Congress is at its best when its actions are informed and en- 
riched by slow and careful debate, by advice from expert sources, and when taken 
in respect for minority opinion. 

In the case of proposals to limit any of the tools for scientific and medical re- 
search, the need for prudence is powerful, due to the complexity of the issues and 
the consequences for public health and well-being. Ultimately, however, I believe 
that it is far better for the Congress and the rest of the federal government to main- 
tain an constructive role in the ongoing research, rather than taking any action 
which seeks to block it. Only in this way, can the Congress ensure that the views 
of the American people are heeded in the research process. 
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On this point, it is worth noting that the research on stem ceii deveiopment was 
carried out in the private sector without any federai funds and without any federai 
involvement or oversight. It is likely that private interest in, and support for, this 
research will proceed ahead. We believe the federal government should be actively 
supporting and advancing research that hold promise for healthier aging, including 
the stem cell and related technologies. That support should include the development 
of guidelines by the appropriate federal agencies to assure the ethical conduct of 
this sensitive but important research. 

Mr. Chairman, on behalf of the Alliance for Aging Research, I thank the com- 
mittee for its consideration of this vital issue and for the opportunity to present the 
Alliance's views on it. 


SUBCOMMITTEE RECESS 

Senator Specter. Thank you all very much for being here, the 
subcommittee will stand in recess. 

[Whereupon, at 11:32 a.m., Wednesday, December 2, the sub- 
committee was recessed, to reconvene subject to the call of the 
Chair.] 



STEM CELL RESEARCH 


TUESDAY, J ANUARY 12, 1999 

U.S. Senate, 

Subcommittee on Labor, Health and Human 
Services, and Education, and Related Agencies, 

Committee on Appropriations, 

Washington, DC. 

The subcommittee met at 9 a.m., in room SD-192, Dirksen Sen- 
ate Office Building, Hon. Arlen Specter (chairman) presiding. 

Present: Senators Specter and Harkin. 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
National Institutes of Health 

STATEMENT OF MARIA FREIRE, Ph.D., DIRECTOR, OFFICE OF TECH- 
NOLOGY TRANSFER 

DEPARTMENT OF COMMERCE 

STATEMENT OF Q. TODD DICKINSON, J .D., ACTING ASSISTANT SEC- 
RETARY OF COMMERCE, AND ACTING COMMISSIONER OF PAT- 
ENTS AND TRADEMARKS 

OPENING REMARKS OF SENATOR ARLEN SPECTER 

Senator Specter. Good morning, ladies and gentlemen. The hour 
of 9 a.m., having arrived we will proceed with the hearing of the 
Appropriations Subcommittee on Labor, Health and Human Serv- 
ices, and Education. 

Today we are going to move forward with the second hearing on 
the issue of stem cells, focusing on the provision of law which ap- 
pears to bar the National Institute of Health from engaging in em- 
bryo research. 

We held our first hearing on December 2, and today we are going 
to move ahead with the patent aspects of the issue and more testi- 
mony on the potential of stem cell research. 

We regret the scheduling difficulties, where we have been con- 
strained to make some adjustments because of the Senate's consid- 
eration of the impeachment issue, and today's hearing had been set 
for 9:30 a.m., but yesterday Senator Lott scheduled a meeting at 
10 o'clock which made it desirable to move the hearing to 9 a.m., 
this morning, and we are going to do our best to conclude by 10 
o'clock. 

The focus of our hearing today will center on a number of issues. 
One of them is whether stem cells are defined as an end product, 
which may be the contention of the companies who seek patent pro- 
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tection, contrasted with a classification of stem cells as a research 
tool, which would be a designation to promote freer dissemination 
among researchers. 

I am a little disappointed that the Geron Corp., declined to tes- 
tify today, and a number of other major associations have consid- 
ered it too soon to come forward at this hearing because their pub- 
lic policy committees have not yet taken a position on stem cell re- 
search. It is my hope that we might move legislation to lift the ban 
at a very early stage because of the urgency involved here with the 
potential for stem cell research, which deals with so many serious 
diseases. 

I think every day that we lose on lifting the NIH ban costs lives, 
perhaps every hour that we lose costs lives, so I want to see if we 
cannot move this legislation. That is why we held the hearing in 
December, shortly after the research discoveries were announced, 
moving ahead at this early date to be ready, and the Congress 
moves to the legislative agenda. 

I want to now call our first panel. Dr. Maria Freire, Director of 
the Office of Technology Transrer at NIH, and Mr. Todd Dickinson, 
Acting Commissioner of Patents and Trademarks, if you would step 
forward. 

Dr. Freire is the Director of the Office of Technology Transfer for 
NIH, and oversees the patenting and licensing activities for NIH 
and the development and implementation of technology transfer 
policies and procedures. 

She received her Ph.D., in biophysics at the University of Vir- 
ginia. Full statements will be made a part of the record. We are 
going to observe the 5-minute rule to allow the maximum amount 
of time for questions and answers. Thank you for joining us. Dr. 
Freire, and the floor is yours. 

SUMMARY STATEMENT OF MARIA FREIRE 

Dr. Freire. Good morning, Mr. Chairman. I appreciate the op- 
portunity of being here today, and I am here to address how intel- 
lectual property considerations affect basic science and the future 
development of products for public benefit. 

This morning I will focus on three issues, first how technology 
is transferred from the not-for-profit to the private sector, second, 
how this applies to stem cells and stem cell technology, and third, 
the implications for basic research. 

TECHNOLOGY TRANSFER LEGISLATION 

Let me start briefly by describing two laws enacted 20 years ago 
that encourage universities and Government laboratories to com- 
mercialize their research. These laws are the Bayh-Dole Act and 
the Stevenson-Wydier Act, including one of its amendments, the 
Technology Transfer Act. In general, these laws allow the labora- 
tories and the recipients of Government funding to elect title to 
their inventions. They also impose certain obligations, to promote 
utilization, to encourage commercialization, and to ensure public 
availability. 

In the biomedical arena, the impact of these statutes has been, 
indeed, dramatic, and many experts believe that it is the close rela- 
tionship between the academic sector and the private sector that 
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has spawned the biotechnology industry. Value to the public is also 
very important as new drugs, vaccines, diagnostics, and medical de- 
vices of course result from this close interaction. 

These activities have also stimulated economic development, and 
they have generated jobs in the United States. 

The University of Wisconsin provides a very good example of how 
the Bayh-Dole Act is implemented. Early work by Dr. Thomson on 
nonhuman primates, such as rhesus monkeys, was federally fund- 
ed. In accordance with the law, the invention was disclosed by the 
university to the NIH, the university filed a patent application, and 
the technology was licensed to a small company. 

Because F^eral funds were used, the Government has a non- 
exclusive royalty-free right to use patented cells by or on behalf of 
the Government. This allows Government laboratories and their 
contractors the right to use patented cells for further research. 

In contrast, when research is funded entirely by the private sec- 
tor, as is the case of Dr. Gearhart's work, the Government has no 
license, and it is strictly a private matter whether and under what 
terms new intellectual property is made available to others. 

RESEARCH TOOLS 

Let me point out that the fact that there exists a patent is usu- 
ally not what raises concerns in the biomedical community but, 
rather, it is the way the patent holder chooses to exercise his or 
her rights on the patent. 

For example, the discovery may be a research tool or a new pro- 
cedure, primarily useful as a means to conduct further research. 
Such discoveries are commonly known as research tools. These 
tools may be patentable and, indeed, they have economic value for 
the holder of the patent. 

In our view, however, the value to society is greatest when re- 
search tools are made widely available to scientists. But, therein 
lies the quandary. What is a research tool to one is a product to 
another. 

Those of us working in this field strive to promote the balance 
between commercial interests and the public interest. For example, 
research tools can also be therapeutic products. Licenses can be 
crafted by scope and field to allow research uses without destroying 
commercial incentives. 

The NIFI, indeed, has been concerned with this issue for a good 
while, and Dr. Varmus put in place a national work group to study 
the issue and make recommendations. We will set forth guidelines 
for public comment in February in the Federal Register. 

So how does this relate to the pluripotent stem cells? Stem cells 
are research tools today, and hopefully they will also be developed 
into therapeutic products in the future. We understand that both 
Johns Flopkins and Wisconsin licenses to Geron are exclusive at 
this time, but may allow for use of these cells by nonprofit re- 
searchers under certain terms and conditions. 

There is no direct role of the N I FI in these negotiations and these 
agreements. Flowever, it is our view that these licenses can be 
crafted to ensure commercial and research purposes be both pre- 
served. 
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PREPARED STATEMENT 

For example, licenses can be crafted nonexclusive! y and they 
should be negotiated whenever possible to allow and assure that 
the research tools are available ror researchers as well as preserve 
the commercial applications. It is important to reiterate, however, 
that when only private funding is involved the NIH has very little 
ability to obligate the universities to abide by these guidelines. 

Mr. Chairman, I would be pleased to answer any questions. 
Senator Specter. Thank you very much. Dr. Freire. 

[The statement follows:] 

Prepared Statement of Maria C. Freire, Ph.D. 

Mr. Chairman and members of the subcommittee, I am Maria Freire, Director of 
the Office of Technoiogy Transfer at the Nationai Institutes of Fleaith (NIFI). I am 
pieased to appear before you today to address how inteliectuai property consider- 
ations affect basic science and the future development of products for public benefit. 

I understand that the subcommittee is particularly interested in how patent 
rights and commercialization strategies operate in the context of the recent findings 
on pluri potent stem cells reported by Drs. J ohn Gearhart from J ohns Flopkins Uni- 
versity and J ames Thomson from the University of Wisconsin. You have previously 
heard from a panel of experts, including the Director of NIFI, Dr. Flarold Varmus, 
on the scientific implications of these findings. Given the complexity of these issues, 
it is important to understand how the transfer of federally funded technology from 
the not-for-profit sector— be it university or Federal laboratory— to the private sec- 
tor, is accomplished. To do so, I direct you to the successful process established by 
Congress in the 1980's that governs the commercialization of federally funded bio- 
medical research. 

The Bayh-Dole Act, Ste/enson-WydIer Technology Innovation Act of 1980, and 
amendments, including the Federal Technology Transfer Act of 1986 (FTTA) 

Nearly twenty years ago. Congress enacted a series of laws that encourage gov- 
ernment owned and government funded research laboratories to pursue the com- 
mercialization of the results of their research. These laws are the Bayh-Dole Act of 
1980, the Stevenson-Wydier Innovation Act of 1980, including one of its amend- 
ments, the Federal Technology Transfer Act of 1986 (FTTA). The Bayh-Dole Act ad- 
dresses intellectual property rights in federally funded grants, contracts and cooper- 
ative agreements, while Stevenson-WydIer and the FTTA address intellectual prop- 
erty of government laboratories. The goal of these laws is to promote economic de- 
velopment, enhance U.S. competitiveness and benefit the public by encouraging the 
commercialization of technologies that might otherwise not be developed into prod- 
ucts due to the lack of incentives. Generally, these laws allow government labora- 
tories and the recipients of government funding to elect to retain title to their inven- 
tions. They also impose certain obligations: promoting utilization, encouraging com- 
mercialization and ensuring public availability of these technologies. 

I am pleased to say that these goals have been achieved and expectations have 
been surpassed. Indeed, in the biomedical arena, the impact of these statutes has 
been dramatic. Many experts believe that the biotechnology industry was spawned 
from the close interaction between academia and industry. The Bayh-Dole Act and 
the FTTA continue to contribute to the global leadership of the U.S. biomedical en- 
terprise. New products developed under this system benefit patients daily and pro- 
vide hundreds of scientists with the tools required for further discovery in support 
of our public health mission. The NIFI intramural program alone has over 150 prod- 
ucts on the market, including diagnostic kits, vaccines, therapeutic drugs and doz- 
ens of antibodies, cell lines and other research tools. Statistics on the remarkable 
success of university-based technology transfer activities are also available and I 
have submitted a recent survey for the record. 

To accomplish the transfer of technology, universities have relied on authorities 
granted to them by the Bayh-Dole Act. The Act permits the grantee to retain title 
to intellectual property developed with federal funds and to license its rights to for- 
profit entities. Patents provide the right to exclude others from making, using, or 
selling a new invention for the life of the patent. This is society's reward to the 
owner for teaching others how to make and use the invention claimed in the patent. 
In the biomedical field, patents are extremely valuable to companies, particularly 
small companies. They provide a means of securing investment income by estab- 
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lishing the company's preeminence in a particuiar area of technology. Parties inter- 
ested in practicing an invention, in which they have no ownership, may obtain 
rights to the invention by entering into a licensing agreement with the patent 
owner. A license is a contract with binding commitments on each party, usually in- 
volving compensation. A license does not grant title to the invention. Licenses can 
be exclusive, when only one party is permitted to benefit from the use of the tech- 
nology, or non-exclusive, when more than one party is allowed to benefit from such 
rights. 

As this subcommittee well knows, new drugs and vaccines are costly to develop: 
companies will not invest in further research and development without some prom- 
ise of future product exclusivity. When Congress gave federal grantees the ability 
to patent and exclusively license government-funded inventions, the private sector 
turned its attention toward publicly supported research as a new source of potential 
products. The value to the public resides in the generation of new drugs, vaccines, 
and medical devices. These activities have also stimulated economic development 
and the creation of new jobs in the United States. 

The University of Wisconsin provides us with a good example of how the Bayh- 
DoleAct is implemented. Early work by Dr. Thomson on non-human primates, such 
as Rhesus monkeys, was federally funded and therefore, the patent obtained on 
stem cells arising from this work is governed by this Act. In accordance with the 
law, the invention was disclosed to the NIH, a patent application was filed by the 
University, through the Wisconsin Alumni Research Foundation (WARF), and 
WARF licensed the technology to a small company (Geron). Because federal funds 
were used for this non-human primate work, the government has a non-exclusive, 
royalty-free right to use the patented cells by or on behalf of the government. This 
would allow the government laboratories and contractors the right to use the pat- 
ented cells for further research. In addition, in handling this invention the Univer- 
sity must ensure that the goals of the Bayh-Dole Act— utilization, commercializa- 
tion, and public availability— are implemented. 

When research is funded entirely by the private sector, the government has no 
license, and it is strictly a private matter whether, and under what terms, new in- 
tellectual property is made available to others for commercial or research purposes. 
This is the case for the Geron sponsored work conducted by Dr. Gearhart on human 
pluripotent stem cells derived from fetuses. 

It is usually not the existence of a patent that raises concern for the biomedical 
research community. The concern arises when the patent holder chooses to exercise 
its rights through licensing in a manner inconsistent with the advancement of basic 
research. For example, many new inventions are not final products. The discovery 
may be a research material or a new method or procedure, primarily useful as the 
means to conduct further research. Such discoveries are commonly known as re- 
search tools. There is little doubt that these research tools may be patentable and 
that they are of economic value to the holder of these rights. There is also little 
doubt that the value to society is greatest when such research tools are widely avail- 
able to scientists. 

Mr. Chairman, I cannot emphasize this point strongly enough. Preserving re- 
search uses is extremely important to the advancement of science. A license that 
provides complete exclusivity to a technology that is also a research tool may result 
in some product development in the short-term, but it will close off opportunities 
to advance science and develop other products in the long-term. The only way to 
maximize the benefit to the public is to ensure that both research use and the po- 
tential for commercial development are preserved. 

The professionals working in the specialized field of biomedical licensing strive to 
promote a balance between commercial interests and the public interest. In those 
instances where a research tool can also become a therapeutic product, licenses can 
be, and are, carefully crafted by scope, application and field to allow use by the re- 
search community without destroying a company's commercial incentive to develop 
the product. Careful licensing that preserves this balance, however, has not always 
been the case. The NIFI has been concerned for some time about the potential ad- 
verse effects of restrictive licensing practices on access to research tools. Dr. Varmus 
convened a national workgroup to study the issue and make recommendations to 
the NIFI. The report of the workgroup is on the NIFI web site (www.nih. gov./news/ 
researchtools/i ndex.htm), and NIFI expects to publish guidelines for NIFI supported 
investigators this spring, in accordance with the report. 

Stem Cell Research 

Flow does this relate to pluripotent stem cells? Pluripotent stem cells provide the 
research community a springboard to launch numerous inquiries into the most fun- 
damental processes of cellular growth and differentiation that underlie human de- 



84 


velopment. Elucidating these mechanisms provides the foundation for the next gen- 
eration of biomedical discovery. Such discoveries will be directed toward treatment 
of human developmental abnormalities, regulation of uncontrolled cellular growth 
associated with cancer, a source of differentiated cells and tissues for transplan- 
tation therapy, and a means to identify new drug targets and test potential thera- 
peutics, among others. Realizing the fullest potential from this new stem cell tech- 
nology for the American people deserves and requires further inquiry. 

Stem cells are a research tool today; hopefully, they will also be developed into 
therapeutic products in the future. The issuance of patents on these new discoveries 
by the Patent and Trademark Office may not necessarily have an adverse effect on 
continuing research, provided that the patent owners devise a licensing strategy 
that will allow basic research to continue unencumbered while preserving commer- 
cial value. We understand that both the Johns Hopkins and Wisconsin licenses to 
Geron are exclusive at this time, but may allow for the use of these cells by non- 
profit researchers under certain terms and conditions. These terms and conditions 
would be set forth in an agreement commonly called a Material Transfer Agree- 
ment, or MTA. 

MTAs are vehicles used to transfer proprietary materials between and among the 
for-profit and not-for-profit sectors. While most MTAs are simple, 1- to 2-page agree- 
ments, MTAs can sometimes pose problems due to the type of obligations or restric- 
tions imposed by the provider of a material on the recipient. Such obligations can 
stifle the broad dissemination of new discoveries, slow the technology transfer proc- 
ess and limit future avenues of research and product development. Examples of 
such obligations include so-called "reach-through" provisions that may: (1) give the 
provider of a material ownership of new inventions developed by the recipient; (2) 
require royalty payments by the recipient to the provider on inventions discovered 
by the recipient that are not covered by the provider's patent; or, (3) require options 
to exclusive rights to any new intellectual property arising from recipient's use of 
the material. The NIH has minimal authority with regard to the stem cell patent 
and patent applications at issue today, and it would be inappropriate for me to try 
to comment on specific terms and conditions that may be imposed by these parties 
under the MTAs contemplated. 

At NIH, our view is that conditions imposed by patent owners— whether in a li- 
cense or an MTA— can be crafted to ensure both research uses and commercial de- 
velopment. For example, our strategy is to negotiate non-exclusive licenses when- 
ever possible. This allows more than one company to develop products using a par- 
ticular technology, products that may ultimately compete with each other in the 
marketplace. We recognize that companies need an exclusive market to offset the 
risk, time, and expense of developing biomedical diagnostic or therapeutic products. 
However, companies do not necessarily need to achieve that position solely by exclu- 
sively licensing a government technology used to develop the product. Instead, com- 
panies are frequently able to add their own proprietary technologies to the invention 
licensed from the government to ultimately achieve some level of uniqueness and 
exclusivity for the final product. 

If non-exclusive licensing does not provide enough incentive for the company to 
develop a product, and it often does not for a potential therapeutic application, NIH 
will award exclusivity for specific indications or fields of use, based on the license 
applicant's commercial development plans at the time of the application. NIH also 
requires exclusive licensees to grant sublicenses to broaden the development possi- 
bilities when necessary for the public health. Finally, NIH insists on the continuing 
unencumbered availability of the licensed technology to not-for-profit scientific com- 
munity for further research. 

Experience over the last 20 years has shown that to maximize public health ben- 
efit, the balance between exclusivity and access must be carefully maintained and 
research uses of new technologies must be preserved. These concepts form the basis 
for the licensing policies of the NIH, as well as for the proposed guidelines for our 
grantees mentioned above. 

Summary 

Congress has enacted legislation for recipients of federal funding that encourages 
the utilization, commercialization and public availability of federally funded inven- 
tions. Grantees have exercised broad discretion and appropriately seek to achieve 
these goals through the patenting and licensing of new inventions that arise 
through the use of federal funds. If the research is entirely funded by the private 
sector, the government has no license and is not involved in patenting or licensing 
decisions. Exclusive licensing, without regard to research uses, can impede rather 
than enhance utilization and public availability of certain types of inventions, such 
as research tools. Strategic licensing can alleviate potential problems. Indeed, many 
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grantees provide for the continuing avaiiabiiity of exciusively iicensed subject mat- 
ter to researchers in order to ensure progress of biomedicai research. The NIH has 
urged, and wiii continue to urge, patent owners and exciusive iicensees to ensure 
continuing avaiiabiiity under terms that do not iimit basic research or encumber fu- 
ture products. 

Mr. Chairman, I am gratefui to you for providing a forum to present information 
about the effects of patents and iicenses on this promising new area of science and 
medicine. I wouid be pi eased to answer any questions you may have. 

SUMMARY STATEMENT OF Q. TODD DICKINSON 

Senator Specter. We now turn to Mr. Todd Dickinson, who is ac- 
tually a doctor also, J .D., appears after his name— lawyers become 
doctors— Acting Assistant Secretary of Commerce, Acting Commis- 
sioner of Patents and Trademarks, B.S., degree in chemistry from 
Allegheny College, law degree from the University of Pittsburgh 
Law School, and he mov^ from northwestern Pennsylvania, to 
western Pennsylvania, to Philadelphia, to practice with the very 
fine law firm, Deckert, Price, & Rose, my old firm. 

Mr. Dickinson, we welcome you here, and look forward to your 
testimony. 

Mr. Dickinson. Thank you. Senator. I want to thank you and the 
committee for providing the opportunity to discuss the patent sys- 
tem, more specifically the patenting of biotechnology that affects 
particularly stem cells. 

It is my understanding you have been recently considering the 
scientific implications of this research and are now interested in in- 
vestigating the patent and technology transfer implications. 

The history of the U.S. patent system is a long and distinguished 
one. It is grounded in the Constitution. The first Patent Act was 
passed in the 1790's by the first Congress sitting in Philadelphia. 

The premise on which the patent system is bas^ is a simple one. 
In exchange for a full and complete disclosure of an invention, the 
Government grants a limited right in the invention to an inventor. 
It is not a monopoly right to own an invention as is sometimes sug- 
gested, but rather it is the right to exclude others from making, 
using, or selling it, and at the patent owner's discretion that right 
may or may not be exercised. 

The public benefits from this arrangement, because full disclo- 
sure permits others to improve that technology by either devel- 
oping alternative solutions or finding a better alternate species in- 
vention within the broad genus of the patent claim. This expands 
mankind's technological base. 

Additional benefits include preventing wasteful duplication of 
R&D, a comprehensive teaching of the technology, and an indexing 
of the technology through our patent classification system. 

The current patent statute dates from 1952 and specifies that to 
obtain a patent the applicant must meet basic statutory require- 
ments: that the claimed invention be statutory subject matter; that 
it be novel, or new, that means it was not invented before; that it 
not be obvious to a person having ordinary skill in the art to which 
it pertains; and that it be fully and unambiguously disclosed in the 
text of the application sufficient to enable the skilled practitioner 
to practice it. 

It is also important to remember it is a limited grant in time. 
The patent term runs for 20 years from the date the application 
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is filed. After it expires anyone is free to use it. This brings me to 
the specific matter of biotechnology we talked about today. Bio- 
technology generally and broadly encompasses any technique that 
uses living organisms or their components to make or modify prod- 
ucts, to improve plants or animals, or to use microorganisms for 
specific usage. 

As has been, I think, testified to many times, biotechnology has 
begun to affect our daily lives in ever-increasing ways. It is opening 
new pathways in the treatment of disease, and showing promising 
alternatives to less traditional methods. 

A serious downside of research and development in biotechnology 
is that it is voraciously expensive, and often requires substantial 
time periods for commercial development. Moreover, many lines of 
research eventually prove to have been fruitless, yet the successful 
results, once known, are often not difficult to replicate by others. 

Other factors, including public perception regarding things that 
are new and different, often keep many biotechnology inventions 
from reaching their full market potential. Consequently, very few 
biotechnology companies are profitable at this time. Many continue 
to require substantial additional investment to maintain their oper- 
ations. 

As a consequence, the biotechnology industry has a demonstrated 
need for patent protection to act as an effective incentive for inno- 
vation and to serve as a tangible asset for investment purposes. 

One exciting development in biotechnology research has been the 
isolation and purification of a particular type of undifferentiated 
cells that can give rise to specialized functional cells. These are 
known as stem cells and are currently the subject of intensive re- 
search. Although most cells can only divide a limited number of 
times, the division of stem cells can be unlimited, so they serve as 
a useful tool. In addition, some are known as pluripotent stem cells 
and can be developed into a variety of specialized cells. 

Since stem cells are both living and found in nature, a question 
may be legitimately raised whether they constitute patentable sub- 
ject matter under section 101 of our laws. Although the question 
of the patentability of living organisms was answered as long ago 
as 1873 when Louis Pasteur got a patent on a type of yeast, 20 
years ago the Supreme Court answered that question very firmly 
in the case of Diamond v. Chakrabarty, where they found that ge- 
netically engineered living bacteria were patentable. 

They cited the congressional reports stating Congress intended 
statutory subject matter to include anything under the sun that is 
made by man. Many commentators feel this was a major factor in 
the growth of the biotechnology research industry. 

Second, although stem cells do indeed occur in nature, they are 
always mixed with other cell types and do not occur in isolated or 
purified forms. Purified and isolated cells lines as well as methods 
for their purification and isolation represent important techno- 
logical advances. 

They may also have novel or unexpected properties or uses. A 
long line of case law, therefore, suggests that they may indeed re- 
sult in a patent. In another regard, concerns have been raised 
about licensing of technology in the biotechnology area, specifically 
in the context of availability of research tools. 
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While the PTO does not normally concern itself with these 
issues, we have some experience in these matters and are asked to 
comment. 

Senator Specter. Mr. Dickinson, will you summarize? 

PREPARED STATEMENT 

Mr. Dickinson. I will do that. 

Licensing can occur in a variety of ways, royalty-bearing, royalty- 
free, exclusive or nonexclusive. Some have speculated that licensing 
may adversely affect these research tools. It has been my experi- 
ence that the realities of the marketplace and the goodwill of re- 
searchers very often resolve this problem very efficiently. 

Senator Specter. Thank you very much, Mr. Dickinson. 

[The statement follows:] 

Prepared Statement of Q. Todd Dickinson 

Mr. Chairman and Members of the Subcommittee: I am Q. Todd Dickinson, Acting 
Assistant Secretary of Commerce and Acting Commissioner of Patents and Trade- 
marks. I want to thank you for providing me with this opportunity to discuss the 
patent system, more specificaiiy the patenting of stem ceiis, and the iicensing of 
technoiogy. It is my understanding that you have recentiy been considering the sci- 
entific impiications of research into these ceiis and are now interested in inves- 
tigating the patent and technology transfer implications. 

Background 

The history of the U.S. Patent System is a long and distinguished one. Grounded 
in Article 1, Section 8 of the Constitution, the Patent Act of 1790 was one of the 
first statutes passed by the First Congress sitting in Philadelphia. The first patent 
was granted that same year to Samuel Flopkins, also of Philadelphia, for a method 
of making potash, a chemical useful for fertilizer and gunpowder— critical tech- 
nologies for a new, agriculturally based nation. The application was examined by 
the first patent examining board: Secretary of State Thomas J efferson, Attorn^ 
General Edmund Randolph and Secretary of War Flenry Knox. The patent itself was 
personally signed by the President of the United States, George Washington. 

The system has evolved in many ways since that auspicious beginning, and con- 
tinues to serve the primary function it was intended to serve by the Founding Fa- 
thers: as an incentive to technological innovation and economic growth. From the 
cotton gin to the computer, America has been a model for technological development 
throughout its history, and patents have provided protection for the fledgling enter- 
prises that were based on that innovation. For example, Thomas Edison still holds 
the record as the individual inventor holding the most patents, and his efforts led 
to the General Electric Co., one of the most successful and valuable corporations in 
the United States. 

The premise on which the system is based is a simple one: in exchange for a full 
and complete disclosure of an invention, the government grants a limited right in 
that invention to the inventor or his or her assignee. It is not a monopoly right to 
own an invention, as is sometimes suggested, but rather the right to exclude others 
from making, using, or selling it. Moreover, at the patent owner's discretion, this 
right may or may not be exercised. 

The public benefits from this arrangement since full disclosure permits others to 
improve that technology by developing alternative solutions, or to find a better, un- 
expected species invention within the broad genus of the patent claim, thereby ex- 
panding mankind's technological base. Additional benefits include preventing waste- 
ful duplication of research and development: a comprehensive teaching of the tech- 
nology, permitting it to be used efficiently after the patent term expires; and the 
creation of indexed databases of technology in the form of the patent classification 
system which permit easier and more comprehensive searching. 

Studies have consistently shown that many important industries rely on a strong 
and effective patent system. University of Pennsylvania economist Edwin Mansfield 
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surveyed 100 U.S. corporations chosen randomly in six industries. i In each case, he 
asked senior management if strong intellectual property laws were a significant con- 
sideration for different kinds of investment the corporation would make in a par- 
ticular country. The survey found that approximately 60 percent of companies in- 
vesting in final product manufacturing facilities said that intellectual property 
rights had a "strong effect" on whether direct investment would be made. In chem- 
ical, pharmaceutical, or electrical equipment manufacturing, the percentages were 
even higher, between 74 and 87 percent. Even more telling, when executives were 
asked if they would invest in research and development facilities (the top end of 
wealth creation in an economy), 80 percent said that the strength or weakness of 
intellectual property rights in a country would have a strong effect on whether the 
company invests there. 

Non-profit research institutions also benefit financially from strong intellectual 
property protection. The largest public university system in the United States is the 
University of California with over 7,000 faculty members among its 9 campuses. In 
1997, the University had 2,943 active inventions. Revenues on those patent and 
technology licenses produced $74.7 million for the University in 1997. Carnegie Mel- 
lon University in Pittsburgh recently assigned a patent claiming spidering tech- 
nology used to search the World Wide Web to Lycos for a reported $500,000 in cash, 
20 percent equity in the start-up and an unspecified percentage of royalties. 

In the biotechnology field, this effect is even more apparent. I recently partici- 
pated in a conference hosted by members of the European Parliament who were fi- 
nally successful in passing a new biotechnology patent law for Europe after more 
than ten years of effort. (It is reputed to be the most extended debate ever about 
a piece of legislation before the European Parliament.). Speaker after speaker be- 
moaned the fact that the absence of such legislation in Europe, and the presence 
of strong biotechnological patent protection in the U.S., had caused significant re- 
search and development funds, manufacturing investment, and large numbers of re- 
search scientists to relocate to the United States. 

U.S. Patent Law 

The current patent statute, title 35 of the United States Code, dates from 1952, 
and specifies that to obtain a patent the applicant must meet four basic statutory 
requirements: that the claimed invention be statutory subject matter (35 U.S.C. 
§101): that it be novel, i.e., that it was not invented before (35 U.S.C. §102); that 
it not be obvious to a person having ordinary skill in the art to which it pertains 
(35 U.S.C. §103): and that it be fully and unambiguously disclosed in the text of 
the patent itself, sufficient to enable the skilled practitioner to practice the claimed 
invention (35 U.S.C. §112). If the patent application and its claims do not meet 
these requirements, it is r^ected. These requirements are not easy hurdles to over- 
come. Section 103 non-obviousness, in particular, requires a careful review of the 
state of the art and often very skillful crafting of claims to avoid it. In the bio- 
technology field, the section 112 enablement requirement is often a major stumbling 
block. 

It should also be noted that the claims are the only legally operative portion of 
the patent itself. Readers of patents often incorrectly assume that the teaching of 
the detailed description or background of the invention found in the body of the pat- 
ent in some way defines the metes and bounds of the protected invention, or that 
the "concept" of the invention taught in the claims is what is covered. This is incor- 
rect. Furthermore, while the applicant may be his or her own lexicographer and de- 
fine terms, undisclosed meanings not apparent in the text cannot be read into a 
claim and inferences cannot be drawn: the plain language of the claim alone defines 
the parameters of the invention. This means that claim interpretation is a difficult 
and often semantic art. 

It is also important to remember that the patent grant is a limited right in time. 
The patent term runs for twenty years from the date that the application is filed. 
After it expires, anyone is free to use it. Furthermore, owners of patents do not nec- 
essarily have to enforce their rights: they can and do dedicate them to the public. 
Since a patent may not be granted on an invention known to the public for more 
than a year, inventors may also dedicate their inventions to the public through pub- 
lic disclosure without filing applications 


1 E. Mansfield: "Intellectual Property Protection, Foreign Direct Investment and Technology 
Transfer"; International Finance Corporation, Discussion Paper Number 19, The World Bank, 
1994. 
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Biotechnology and Stem Cell Research 

Biotechnology generally encompasses any technique that uses living organisms or 
their components to make or modify products, to improve plants and animals, or to 
use microorganisms for specific uses. Biotechnology has begun to affect our daily 
lives in ever-increasing ways. It is opening new pathways in the treatment of incur- 
able diseases and is showing promising alternatives to less effective traditional 
treatments. In the field of nutrition, biotechnology makes ever-greater headway to 
improve food production and plant breeding in a manner that one could only dream 
about a decade ago. I n the field of genetics, the use of new techniques is b^inning 
to open substantial and wide-ranging benefits for human and animal health, the 
protection of the environment and the potential for productivity gains in food, agri- 
cultural and pharmaceutical industries. 

A serious downside of research and development in the biotechnology area is that 
it is voraciously expensive and often requires substantial time periods for commer- 
cial development. Moreover, many lines of research eventually proveto have been 
fruitless. Yet, the successful results, once known, are often not difficult to replicate 
by others. Other factors, including public perception regarding anything new and 
different, also keep many biotechnology inventions from reaching their full market 
potential. Consequently, very few biotechnology companies are profitable at this 
time. Many continue to require substantial additional investment to maintain oper- 
ations. As a consequence, the biotechnology industry has a demonstrated need for 
patent protection to act as an effective incentive to innovation and to serve as a tan- 
gible asset for investment. 

One exciting development in biotechnology research has been the isolation and 
purification of particular types of undifferentiated cells that can give rise to a suc- 
cession of specialized functional cells. These are known as stem cells, and are cur- 
rently the subject of intensive research. Although most non-cancerous cells can di- 
vide only a limited number of times, the division of stem cells can be unlimited and 
may serve as a useful tool in solving many previously intractable medical conditions. 
In addition some stem cells are "pluripotent" cell lines, meaning they can be made 
to develop into a variety of different specialized cells. 

Patentability 

Since stem cells are both living and found in nature, however, a question that 
may legitimately be raised is how they can constitute patentable subject matter 
under §101 of our patent law. Although the question of the subject matter patent- 
ability of living organisms may have been answered as long ago as 1873, when 
Louis Pasteur was granted a United States patent on yeast, it was most firmly ad- 
dressed by the Supreme Court almost twenty years ago in the famous case Diamond 
V. Chakrabarty 2. in that case. Chief Justice Burger, writing for the Court, found 
that genetically engineered bacteria useful for cleaning up oil spills by ingesting hy- 
drocarbons were themselves patentable. As noted by the Court (citing the Congres- 
sional Report accompanying the 1952 Act^), "Congress intended statutory subject 
matter to include anything under the sun that is made by man". Many commenta- 
tors believe that this case was a major factor in the phenomenal growth of the bio- 
technology industry. And it should also be noted that the PTO has long issued pat- 
ents to living plants under the provisions of the Plant Patent Act of 1930. 

Moreover, although stem cells do indeed occur in nature, most evidence indicates 
that they are always mixed with other cell types and do not occur in an isolated 
and purified form. Purified and isolated cell lines, as well as methods for their puri- 
fication and isolation, represent important technological advances. They may also 
have novel or unexpected properties or uses, and may therefore result in a patent. 
As stated by the Supreme Court, 'To obtain a patent for a product made from raw 
material, it must possess a new or distinctive form, quality, or property."^ 

The patentability of biologically pure compositions has been the law for over twen- 
ty years. In In re Bergy (1977)® the Court of Customs and Patent Appeals (the 
predecessor court to the Court of Appeals for the Federal Circuit (CAFC), the ap- 
peals court to which PTO appeals are taken) ruled that a biologically pure bacterial 
culture was patentable, and not a "product of nature", since the culture did not exist 
in nature in its pure form and could only be produced in a laboratory under care- 


2447 u.S. 303, 65 L.Ed.2d 144, 100 S.Ct. 2207, 206 U.S.P.Q. 193 (1980). 

25 . Rep. No. 1979, 82nd Cong., 2d Sess., 5 (1952); H.R. Rep. No. 1923, 82nd Cong., 2d Sess., 
6 (1952). 

‘‘See generally Bozicevic, "Distinguishing 'Products of Nature' from Products Derived from Na- 
ture," 69 J ournal of the Patent and Trademark Office Society 415 (1987). 

2 American Fruit Growers, I nc. v. Brodex Co., 283 U.S. 1, 11, 8 U.S.P.Q. 131, 133 (1931). 

®568 F.2d 1031, 195 U.S.P.Q. 344 (ccpa 1977). 
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fully controlled circumstances. This has been extended since that time to '"purified 
and Isolated' DNA sequences encoding human erythropoietin (EPO)", ® and a prepa- 
ration of Factor VIM: C, used for treating hemophilia. ("Although Factor Vlll: C 
molecules occur In nature, a purified and concentrated preparation of Factor Vlll: 
C as claimed In the patent constitutes a new form or combination not existing In 
nature, and hence Is patentable under 35 U.S.C. §101.")® 

Accordingly, It Is the present position of the Patent and Trademark Office that 
purified and Isolated stem cell lines are patentable subject matter under 35 U.S.C. 
§ 101 . 

Licensing 

Concerns have also been raised regarding the licensing of technology In the bio- 
technology area, specifically In the context of the availability of research tools. While 
the Patent and Trademark Office does not normally concern Itself with access 
Issues, we do have responsibility for Intellectual property policy generally, and, as 
such, have some experience In these matters. 

A traditional way to exploit one's patent is to license it to others, under a wide 
variety of possible terms: exclusive or non-exclusive; royalty-free or royalty bearing. 
Patent owners may also choose not to license, for a variety of reasons, such as a 
desire to preserve exclusivity or maintain competitive advantage. This right is fun- 
damental to the patent grant. 

While some speculate that patent owners who refuse to license or exclusively li- 
cense others may adversely affect access to biotechnological research tools, it has 
been my experience that market realities and/or good will almost always resolve this 
problem. Onefamous example may prove illustrative. 

Almost two decades ago, Stanford University was granted a patent on a method 
covering basic recombinant DNA technology, the so-called Cohen-Boyer patent, U.S. 
Patent Number 4,237,224. Because of the fundamental nature of the technology, 
great public concern was raised that biotechnology research would be blocked, or 
that Stanford would charge such exorbitant royalty rates that research would be 
priced out of reach. In reality, nothing of the sort occurred. Stanford quickly devel- 
oped a reasonable and widely available licensing program and alternative tech- 
nologies were developed to compete with it. Because the licenses were offered at rea- 
sonable rates to all who sought them, technology was not stymied. Improvements 
to the technology also arose resulting in a moderating cross-licensing program. 

Another question which has been raised concerns specific additional grants or lim- 
itations contained in certain licensing agreements. These include such provisions as 
a requirement that any improvements in the licensed technology be licensed back 
to the patent holder, commonly known as grant-backs. Provisions such as this are 
fairly common in commercial technology licenses, although they are also often the 
subjects of significant negotiation. 

It is also important to note that many of these aspects of intellectual property li- 
censes may be subject to antitrust scrutiny. See, for example, the Antitrust Guide- 
lines for the Licensing of Intellectual Property, recently promulgated by the Anti- 
trust Division of the I ustice Department and the Federal Trade Commission. 

In the context of these licensing considerations, it is also important to define spe- 
cifically what "research tools" are being implicated in these concerns. Many of the 
instruments, chemicals and equipment used daily in research have patented tech- 
nologies associated with them. A license to practice under those patents, and the 
related royalties, are often captured in the purchase price. 

Last, and significantly, it should be noted that restrictions on licensing or subject 
matter patentability must also comply with United States international obligations. 
Through protracted negotiations, the U.S. has convinced many of our trading part- 
ners of the great value of intellectual property protection and has been able to reach 
agreement with them to provide strong intellectual property protection. In fact, we 
were able to incorporate our position on intellectual property protection into the 
Uruguay Round Trade Agreements of GATT. The Agreement on Trade-Related As- 
pects of Intellectual Property Rights (TRIPS) requires the United States and all 
other members of the World Trade Organization to provide similar patent protection 
for all patentable subject matter. 


^'The Supreme Court granted certiorari, but summariiy remanded totheCCPA in iight of an- 
other related case. The CCPA later affirmed its earlier opinion. 

®Amgen Inc. v. Chugai Pharmaceutical Co. Ltd., 13 USPQ2d 1737, aff'd in part, rev'd in part, 
vacated in part, 927 F.2dl200, 18 USPQ2d 1016 (Fed Cir. 1991), cert, denied, 112 S. Ct. 169 
(1991). 

®Scripps Clinic & Research Foundation v. Genentech Inc., 666 F.Supp. 1379, 1389 n.6, 3 
USPQ2d 1481, 1487 n6. (N.D. Calif. 1897), aff'd. in part, rev'd in part, vacated in part and re- 
manded, 927 F.2d 1565, 18 USPQ2d 1001. 
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We have encouraged strong pharmaceutical patent protection by our trading part- 
ners and must continue to provide strong patent protection for biotechnological in- 
ventions, such as cell lines. That protection should not be diminished by inappro- 
priate incursions into the rights of the patent owner. In fact, U.S. patent policy to- 
ward our trading partners strongly discourages compulsory licenses or any other 
such limitations on a patent holder's rights. 

While we certainly share concerns about access to technology, and would highly 
recommend that oversight of potential abuses be maintained, the balance of inter- 
ests in this area is currently a carefully calibrated one, and should not be upset ab- 
sent strongly reasoned analysis and demonstration of actual harm. 

Summary 

The United States leads the world in biotechnology research and development. We 
also lead the world in intellectual property protection. It is imperative to the former 
that we maintain the latter. As stated long ago by President Abraham Lincoln, a 
patent holder himself: the patent system has "added the fuel of interest to the fire 
of genius." Our continued success as the most technologically advanced nation in the 
history of the world demands that we honor that system and the benefits it brings. 

Thank you. 


REMARKS OF SENATOR TOM HARKIN 

Senator Specter. Let me turn, before we go to a round of ques- 
tioning, to my distinguished colleague, the ranking member. Sen- 
ator Harkin. 

Senator Harkin. Thank you very much, Mr. Chairman. I apolo- 
gize for being a little bit late, ancf I thank you for convening this 
very important hearing. I just had a couple of statements, if I 
might make them here. 

This really is going to help us get a much better understanding 
of the patenting and licensing issues, particularly as they apply to 
the recent discovery of human embryonic stem cells. 

Last month we heard the Department of Health and Human 
Services General Counsel's Office was examining whether the cur- 
rent ban on human embryo research, whether NIH-funded sci- 
entists could conduct research on the stem cells lines isolated by 
Dr. Thompson and Dr. Gearhart. 

As I recall, at our last hearing, every scientist present stated 
their belief that the stem cells are not organisms and, therefore, 
cannot fall under the Federal ban. 

Shortly after the hearing last month, I sent a letter to Secretary 
Shalala requesting her timely decision on this issue, and I must 
say I am very disappointed that this has not yet been done and the 
decision has not yet been made by HHS. It seems obvious to me 
and every scientist who testified here last month that this research 
can be federally funded. 

Now, with or without Federal funding, some of the research com- 
munity have questioned the availability of these cells lines, ques- 
tioning whether or not they can be available to nonprofit scientists. 
They believe the content of the licensing agreements and what 
some perceive to be overly broad patent claims can hinder others 
from using these cells lines. 

Now, again, I do not pretend to know the answer to these ques- 
tions. I am pleased that we have the people here today to testify 
on this. 

I must say that I am disappointed that we did not have here 
today witnesses from one or more of the private companies involved 
in this to hear their side of the story, although I do understand, 
Mr. Chairman, that— at least my staff tells me that they are going 
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to submit a statement for the record. Can you enlighten me on 
that? 

Senator Specter. Well, it is pretty hard just to have a statement 
for the record. It is pretty hard to have a hearing without wit- 
nesses. 

Senator Harkin. Well, I agree with you. I wish they had shown 
up. I would I ike to have questioned them. 

Senator Specter. Or a trial without witnesses. 

Senator Harkin. Well, it depends on what kind of trial you are 
talking about. [Laughter.] 

Are you talking about a courtroom trial? 

Senator Specter. We can agree on a hearing with witnesses. 
[Laughter.] 

Senator Harkin. We can agree on a hearing with witnesses. 
[Laughter.] 

Senator Specter. Senator Harkin, they have submitted a draft 
statement, but I commented before you arrived that I was a little 
disappointed that Geron did not appear. 

Senator Harkin. Well, I am, too. 

Senator Specter. Because, without mentioning impeachment, we 
really need to be able to ask them questions and have a dialog, and 
their absence here does not help the subcommittee on moving 
ahead with its conclusions. We have a draft statement, and per- 
haps we can hear them at a later time. I think the parties are even 
subject to subpoena under a variety of rules in our Senate. 

Senator Harkin. Well, I am sorry, Mr. Chairman. I do not know 
what you want to do with that statement, whether you want to 
make it a part of the record. That is fine with me. 

Senator Specter. We will make it a part of the record for what- 
ever value it has, but I concur with you that we need them here 
to respond to questions. 

Senator Harkin. Well, I agree. I am glad we agree on that, Mr. 
Chairman, but at least we have the people who are here today and 
some other scientists to talk about applications of this in terms of 
health care. My interest in this hearing today was to get a better 
understanding of the Bayh-Dole Act, the Stevenson-Wydier Act, 
and how these apply in genetics and in the stem cell areas particu- 
larly, and what that means in terms of licensing arrangements 
under the patents that they hold. 

I remember in 1980, when Bayh-Dole was passed, I was in the 
House and I was chairing the subcommittee that had jurisdiction 
over the National Science Foundation, and I remember at that time 
the problems that we had with private entities coming in, putting 
the money into research, and not being assured that they could 
have a patent or something for future recompense for the money 
that they had invested. That was a big stumbling block. 

I remember an invention that had been developed at Iowa State 
University. I am searching my memory for exactly what it was, but 
because of the inability to obtain a patent on it, a J apanese com- 
pany had come in and taken it and was manufacturing it and sell- 
ing it in this country. 
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So that propelled us in 1980 to pass this bill to try to strike a 
balance between the public interest and the need to raise the pri- 
vate moneys to engage in this kind of expensive research so that 
people could be guaranteed they would get some return on that in- 
vestment and to bring these products to market, to get them out 
of the lab and get them to market. 

Our first witness said something about a dilemma. I will not go 
into that. I will just ask that the rest of my statement be made a 
part of the record. 

[The statement follows:] 

Prepared Statement of Senator Tom Harkin 

Thank you, Chairman Specter, for convening this important hearing. I had re- 
quested this hearing in order to get a better understanding of patenting and iicens- 
ing issues, particuiariy as they appiy to the recent discovery of human embryonic 
stem (hES) ceiis. 

Last month, we heard that the Department of Heaith and Human Services’ Gen- 
erai Counsei's office was examining whether, under the current ban on human em- 
bryo research, NIH-funded scientists couid conduct research on the hES ceii iines 
isoiated by Dr. Thomson at the University of Wisconsin and Dr. Gearhart of J ohns 
Hopkins. As I recaii, at our iast hearing every scientist present stated their beiief 
that hES ceiis are not organisms, and therefore cannot faii under the federai ban. 
Shortiy after the hearing iast month, I sent a ietter to Secretary Shaiaia requesting 
her timely decision on this issue, and I must say I am very disappointed that she 
has not yet been able to make a decision on this. It seems obvious to me— and to 
every scientist who testified here last month— that this research can be federally- 
funded. 

But with or without federal funding, there are some in the research community 
who question the availability of these cell lines to non-profit scientists. They believe 
that the content of the licensing agreements, and what some perceive to be overly 
broad patent claims, could hinder others from using these cell lines. I don’t pretend 
to know the answer to these questions, so I am very pleased that we have an oppor- 
tunity to hear from patent and technology transfer experts Maria Freire from the 
Nl H and Todd Dickinson from the Patent and T rademark Office (PTO), to get their 
views on the matter. 

I am also glad to hear today from cell biologist Dr. Lawrence Goldstein, Mr. Rich- 
ard Pikunis, who suffers from Parkinson’s disease, and Dr. Douglas Melton on be- 
half of thej uvenile Diabetes Association. We learned a great deal from the hearing 
last month about the technology and methods for isolating hES cells, now is our 
chance to learn from the second panel about the hope this new technology offers to 
the millions of Americans who suffer from these diseases, and the critical need for 
federal funding of this research. 

The ground breaking research done by Dr. Thomson and Dr. Gearhart shows tre- 
mendous promise. F rom enabling the development of cell and tissue transplantation, 
to improving and accelerating pharmaceutical research and development, to increas- 
ing our understanding of human development and cancer biology, the potential ben- 
efits of their work are truly awe-inspiring. 

Therefore, my primary goal for this hearing is to make sure Congress is doing 
what it can to ensure that research moves forward, without unreasonable impedi- 
ments or delays. However, I want to make it clear that I do not believe that re- 
search should be done solely for research’s sake. We must continue to ensure that 
incentives are in place for promising inventions to get to market. That is why we 
have invested all we have in biomedical research— so that these inventions can be 
used to cure and treat the diseases affecting the American people. To this end, I 
believe the patent system and the Bayh-Dole law have been very successful. 

However, as I stated earlier, some in the research community have raised con- 
cerns about their access to "research tools," which I understand include these new 
stem cell lines. They say that dealing with the required bureaucratic paperwork 
slows down their research, and that the cost of access to these tools increases the 
overall cost of research, which leads to higher and higher costs of the product for 
the eventual consumer. 

Others in the research community maintain that the system works well and 
should not be changed. They say that without intellectual property rights, the bio- 
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technology industry would have little incentive to invest in the time-consuming and 
expensive research and development (R&D) required to bring a product to market. 

I believe it would be a travesty if the potential benefits of stem cell research- 
er any research for that matter— are delayed or denied to patients for any reason: 
Whether it is because the add-on cost of access to research tools is too expensive, 
or because companies lack an incentive to bring a product to market. It is therefore 
critical that we maintain a healthy balance of incentives between the federal gov- 
ernment, non-profit research institutions and the private sector. 

I hope today's hearing will help clarify this debate. 

TIME CONSTRAINTS 

Senator Specter. In light of our time constraints, I said to Sen- 
ator Harkin before you arrived that Senator Lott had scheduled the 
session on the impeachment issue at 10 o'clock, which is why we 
had moved the hearing to 9 o'clock. 

Senator Harkin. We are in session at 10 o'clock? 

Senator Specter. No; it is not in session, it is a meeting among 
Republican Senators. 

Senator Harkin. An open meeting? [Laughter.] 

Senator Specter. I think only the closing statements are open. 
Senator Harkin. [Laughter.] 

If you missed Senator Harkin on C-SPAN last night, he was not 
quite as erudite as this morning, but very erudite. [Laughter.] 

In the interests of time we are going to call the next panel, and 
if you would stay where you are, and then we will move to ques- 
tions among all five of the witnesses. 



NONDEPARTMENTAL WITNESSES 

STATEMENT OF LAWRENCE GOLDSTEIN, Ph.D., PROFESSOR OF PHAR- 
MACOLOGY, DIVISION OF CELLULAR AND MOLECULAR MEDI- 
CINE, UNIVERSITY OF CALIFORNIA AT SAN DIEGO 

SUMMARY STATEMENT 

Senator Specter. Our first witness on the second panel is Dr. 
Lawrence Goldstein, professor of pharmacolpgy at the Division of 
Cellular and Molecular Medicine, University of California. He 
serves as an investigator for Howard Hughes Medical Institute at 
the University of California at San Diego, Ph.D., from the Univer- 
sity of Washington. Welcome, Dr. Goldstein, and the floor is yours 
for the next 5 minutes. 

Dr. Goldstein. Thank you. Senator. 

Mr. Chairman and members of the subcommittee, I am Lawrence 
Goldstein and I am here today as a representative of the American 
Society for Cell Biology. The society represents over 9,000 bio- 
medical researchers throughout the United States and the world, 
most of whom work in our Nation's leading research universities 
and institutes. 

As you said, my own research is conducted in the Division of Cel- 
lular and Molecular Medicine at the University of California San 
Diego School of Medicine. 

Before moving to San Diego, I was on the faculty in the Depart- 
ment of Cellular and Developmental Biology at Harvard University 
for 10 years. My research work concerns molecular and genetic 
analysis of proten motors and their roles in cellular growth, func- 
tion, and development. 

I speak today on the need to ensure life-saving progress in med- 
ical research while simultaneously protecting ethical and moral de- 
cency. As you know, scientific advances are emerging at a blinding 
pace. These advances present Congress with a serious challenge. 
You must find a balance between on the one hand assuring the 
public that new knowledge will not be misused and that the ethics 
of such work will be carefully considered, while on the other hand 
ensuring that critical medical research is not impeded because of 
unnecessary fear or insufficient information. 

The specific issue today concerns human stem cells, which have 
extraordinary potential to revolutionize the treatment and cure of 
devastating human diseases. Already, in the short time since the 
generation of these cells was announced, we can conceive of many 
important applications in the treatment of heart disease, diabetes, 
Parkinson's disease, and Alzheimer's disease. In fact, the list of 
possible therapeutic uses is almost endless. 

These broad applications are likely, because it may be possible 
to coax stem cells to become the many types of cells often lost to 
the ravages of disease. 


( 95 ) 
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My colleague, Nobel Laureate Dr. Paul Berg of Stanford Univer- 
sity, stated in a recent letter to you that currently only scientists 
who receive private, non-Federal funding may pursue stem cell re- 
search. This has the effect of excluding the majority of the Nation's 
most prominent researchers, who are supported by the NIH and 
NSF, and are based at universities and nonprofit institutions 
throughout the country. 

The current exclusion limits the development of new therapies, 
and relies exclusively on the commercial sector to reap the benefits 
of scientific insights originally developed with the generous support 
of the Federal Government. 

Recent work with stem cells from fetal tissue is permissible 
under current Federal guidelines. Flowever, we first seek to per- 
suade this committee and the Congress to make the informed and 
courageous decision to ensure that those scientists who are most 
prepared and best-qualified to conduct safe, ethical, and invaluable 
embryonic stem cell research be allowed to do so. 

Allowing peer-reviewed Federal funds to be used for this type of 
research is our best guarantee the quality of the work will be high, 
and the results can be best used to serve the public good. 

Senator Flarkin went to great lengths at your last hearing to 
point out that the current ban on embryo research does not ex- 
pressly prohibit federally funded scientists from conducting the re- 
search using human embryonic stem cells. We agree with the Sen- 
ator's understanding, and await the Department of Flealth and 
Fluman Services' interpretation of the current law. 

In any discussion of this issue, however, it is essential to define 
clearly and to distinguish among varying types of human stem 
cells, and there are at least two kinds. 

First are totipotent stem cells, which have the theoretical and 
perhaps real potential to become any kind of cell and could per- 
haps, under appropriate conditions, such as implantation in a uter- 
us, become an entire individual. 

Second are pi uri potent stem cells, such as those that can be ob- 
tained from an early stage embryo, which have a more limited po- 
tential in that they can only form certain kinds of cells such as 
muscle, nerve, or blood. Thus, pi uri potent stem cells that are de- 
rived from the inner cell mass of a blastocyst are not capable on 
their own of embryological development, or the creation of a human 
being. 

It may, though, be possible to induce these cells to form certain 
specialized cell types that make up important human tissues such 
as those of the liver, pancreas, skin, heart, and nerves, and it is 
this potential which makes these stem cells such an important re- 
source to develop for therapeutic uses. 

To this end, the society supports the elimination of the existing 
prohibition of Federal funding for research with human embryos 
and specialized cells derived from them. Research with human em- 
bryos obtained by ethically validated means and specialized cells 
derived from them shoulci be allowed to proceed in a way that 
would assure the public that the cloning of a human being is pro- 
hibited, and that ethical considerations are guaranteed. 

In closing, the society enthusiastically supports your efforts to 
highlight for the public and your colleagues in the Senate the po- 



97 


tential value of modern scientific techniques for improving human 
health. 


PREPARED STATEMENT 

Stem cell research in particular has enormous potential for the 
effective treatment of human disease. Thus, we believe there is a 
moral imperative to do it in an ethically validated manner. We 
must not close off scientific opportunity to those most qualified to 
make dramatic strides in the cure of disease through the use of 
stem cells. 

Mr. Chairman, thank you for the opportunity to present my 
thoughts today. 

Senator Specter. Thank you very much. Dr. Goldstein. 

[The statement follows:] 

Prepared Statement of Lawrence S. B. Goldstein, Ph.D. 

Mr. Chairman and members of the Subcommittee: i am Lawrence Goidstein. i am 
here today as a representative of the American Society for Ceii Bioiogy. The Society 
represents over 9,000 basic biomedicai researchers throughout the United States 
and the worid, most of whom work in our Nation's ieading research universities and 
institutes. 

My own research is conducted in the Division of Ceiiuiar and Moiecuiar Medicine 
and the Department of Pharmacoiogy at the University of Caiifornia, San Diego 
Schooi of Medicine, i am aiso an investigator of the Howard Hughes Medicai insti- 
tute. Before moving to San Diego i was on thefacuity in the Department of Ceiiuiar 
and Deveiopmentai Bioiogy at Harvard University for 10 years. My research work 
concerns moiecuiar and genetic anaiysis of protein motors and their roies in ceiiuiar 
proiiferation, function, and deveiopment. 

i speak today on the need to ensure iife-saving progress in medicai research, 
whiie simuitaneousiy protecting ethicai and morai decency. As you know, scientific 
advances are emerging at a biinding pace. These advances present Congress with 
a serious chaiienge. You must find a baiance between assuring the pubiic that new 
knowiedge wiii not be misused and that the ethics of such work wiii be carefuiiy 
considered, whiie ensuring that criticai medicai research is not impeded because of 
unnecessary fear or insufficient information. 

The specific issue today concerns human stem ceiis, which have extraordinary po- 
tentiai to revoiutionize the treatment and cure of devastating human diseases. Ai- 
ready, in the short time since the generation of these ceiis was announced, we can 
conceive of many important appiications in the treatment of heart disease, diabetes, 
Parkinson's disease, Aizheimer disease, spinai cord injury: in fact, the iist of pos- 
sibie therapeutic uses is aimost endiess. These broad appiications are possibie be- 
cause it may be possibie to coax stem ceiis to differentiate into the many types of 
ceiis often iost to the ravages of disease. 

My coiieague, Nobei Laureate Dr. Paui Berg of Stanford, stated in a recent ietter 
to you that: 

Currentiy, oniy scientists who receive private (non-federai) funding may pursue 
[stem ceii] research. This has the effect of exciuding the majority of the Nation's 
most prominent researchers who are supported by the NiH and NSF and are based 
at universities and non-profit institutions throughout the country. The current ex- 
ciusion iimits the deveiopment of new therapies and reiies exciusiveiy on the com- 
merdai sector to reap the benefits of scientific insights deveioped with the generous 
support of thefederai government. 

Recent work with stem ceii from fetai tissue is permissibie under current federai 
guideiines. We further seek to persuade this Committee and the Congress to make 
the informed and courageous decision to ensure that those scientists who are most 
prepared and quaiified to conduct safe, ethicai and invaiuabie stem ceii research be 
enabied to do so. Aiiowing peer-reviewed federai funds to be used for this type of 
research is our best guarantee that the quaiity of the work wiii be high and that 
the resuits can be best used to serve the pubiic good. 

Senator Harkin went to great iengths at your iast hearing to point out that the 
current ban on embryo research does not expressiy prohibit federai iy-funded sci- 
entists from conducting research using human stem ceiis. We agree with the Sen- 
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ator's understanding and await the Department of Heaith & Human Services' inter- 
pretation of the current iaw. 

In any discussion of this issue, it is essentiai to define deariy and to distinguish 
among various types of human stem ceiis. There are at ieast two kinds of stem ceiis: 

—Totipotent stem ceiis have the theoreticai, and perhaps reai, potentiai to become 
any kind of ceii, and under appropriate conditions, such as impiantation in a 
uterus, couid become an entire individuai. 

— Piuripotent stem ceiis, such as those that can be obtained from an eariy stage 
embryo, have a more iimited potentiai, inciuding those which are more com- 
mitted, in that they can form oniy certain kinds of ceiis, such as muscie, nerve 
or biood ceiis, but they cannot form a whoie organism. 

Piuripotent stem ceiis that are derived from the inner ceii mass of a biastocyst 
are not capabie on their own, however, of embryoiogicai development or the creation 
of a human being. It may, though, be possible to induce these cells to form certain 
specialized cell types that make up important human tissue, such as those of the 
liver, pancreas, skin, heart, and nerves. It is this potential which makes stem cells 
such an important resource to develop for therapeutic uses. 

To this end, the Society supports the elimination of the existing prohibition on 
federal funding for research with human embryos and specialized cells derived from 
them. Research with human embryos obtained by ethically validated means, and 
specialized cells derived from them, should be allowed to proceed in a way that 
would assure the public that the cloning of a human being is prohibited, and that 
ethical considerations are guaranteed. 

The Society enthusiastically supports your efforts to highlight for the public and 
your colleagues in the Senate the potential value of modern scientific techniques for 
improving human health. Stem cell research, in particular, has enormous potential 
for the effective treatment of human disease. Thus we believe that there is a moral 
imperative to pursue it in an ethically validated manner. We must not close off sci- 
entific opportunity to those most qualified to make dramatic strides in the cure of 
disease through the use of stem cells. 

Mr. Chairman, thank you for the opportunity to present my thoughts today. I 
would be pleased to answer any questions. 

STATEMENT OF DOUG MELTON, Ph.D., REPRESENTING THE J UVENILE 
DIABETES ASSOCIATION, HARVARD UNIVERSITY 

Senator Specter. We now turn to Dr. Douglas Melton, chairman 
of the Department of Molecular and Cellular Biology at Harvard 
University, who also serves as an investigator for the Howard 
Hughes Medical Institute, and associate member of the Children's 
Hospital in Boston. Dr. Melton is here today on behalf of the J uve- 
nile Diabetes Association and has an extra special interest in the 
issue, since his 7-year-old son was diagnosed with the disease at 
the age of 6 months. 

Welcome, Dr. Melton. The floor is yours. 

Dr. Melton. Good morning. Chairman Specter and Senator Har- 
kin. As you noted, I am the chairman of the Molecular Biology De- 
partment at Harvard, but I am here today both as a researcher and 
a father of a 7-year-old type I diabetic. I am here because I feel I 
can speak to you both about the human burden of diabetes and the 
scientific potential of stem cell research. 

Mr. Chairman, before I begin my remarks on the subject of to- 
day's hearing I want to take this opportunity to thank you and 
other members of the subcommittee for your role, your leading role 
in last year's historic increase in HIH funding. The strong bipar- 
tisan support for that increase gives renewed hope to those of us 
who are struggling with chronic diseases on a daily basis. 

Founded nearly 30 years ago by parents of children with diabe- 
tes, the J DF is a voluntary health organization that is dedicated 
to finding a cure for diabetes through research and, in fact, this 
year the foundation expects to commit nearly $65 million directly 
toward diabetes research. 
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Diabetes, as you know, is an insidious disease, and remains 
widely misunderstood by the public, because many people wrongly 
think that insulin is a cure when it is, in fact, merely life support. 

Diabetes is the leading cause of new adult blindness, kidney dis- 
ease, and nontraumatic amputations, and it costs this country 
nearly $100 billion a year. That is billion, not million; 60 million 
Americans suffer from diabetes and, on average, a person with the 
disease can expect to live 15 fewer years than those without it. 

In addition, and particularly poignant to me, is that it is among 
the most chronic diseases affecting children, and this is a group 
upon which its effects are especially devastating. 

Before I discuss the exciting potential of stem cell research, allow 
me to speak briefly to you as a parent. The daily regimen of my 
son Sam's blood checks and insulin injections, up to five of them 
a day, are coupled with our need to balance his diet and exercise. 
This is, as you might expect, a serious challenge in dealing with 
a 7-year-old soccer player. 

The medical troubles for Sam are compounded by the vigilance 
and worry that extracts a heavy toll on the rest of my family. For 
example, my wife is regularly up late in the night doing blood 
checks while Sam sleeps and we wonder, is his blood sugar too low, 
will he go into a coma during the night. 

I am sorry to say that I cannot recall a night of peaceful sleep 
since Sam was diagnosed nearly 7 years ago, and I am unwilling 
to accept the enormity of the medical and psychological burden, 
and am personally devoted to bringing it to an end for my son Sam 
and for all type I diabetics. I implore you to continue to make it 
possible to cure diabetes for diabetics and their families. 

Let me now turn to the main subject of today's hearing. That is, 
the potential cure for diabetes as it relates to human stem cell re- 
search. As Dr. Goldstein mentioned, based on recent discoveries it 
is now foreseeable that human stem cells could be stimulated to de- 
velop into a number of cell types, notably pancreatic islets. These 
are the cells that are destroyed in a type I diabetic. 

These stem cells then have the potential to develop into any tis- 
sue organ in the body, and they could no doubt be directed to make 
pancreatic islet or beta cells. 

One of the most promising ways of curing diabetes is to restore 
biologically the function of the missing islet cells, and this could 
occur through islet transplantation, or through engineering cells 
such as these human stem cells. 

The availability of human stem cells which could be turned into 
beta cells would solve two important problems. No. 1, that of insuf- 
ficient islet supply, which presently plagues the field and. No. 2, 
the recurrence of the autoimmune response. 

My written testimony details how it solves the autoimmune prob- 
lem, but let me just say that by engineering stem cells it would be 
possible to avoid the requirement for the immunosuppressive 
drugs. 

I would like to conclude by noting the important ethical consider- 
ations which your subcommittee has, of course, considered. The 
j DF and I well understand that stem cell research has important 
ethical considerations that need to be addressed. Flowever, we feel 
that appropriate safeguards can and should be established to en- 
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sure that this important research can be conducted using Federal 
funding. 

The 1994 Human Embryo Research Panel, which included both 
scientists and ethicists, studied the ethical issues raised by this 
type of research, and it is important to note that they concluded 
that stem cell research involving preimplantation human embryos 
is acceptable for Federal funding. 

We believe that that panel's report provides a scientific and eth- 
ical basis to justify Federal funding for stem cell research on 
human material, and this report could also serve as the basis for 
the establishment of a set of safeguards that would ensure that 
this research was conducted ethically in both public and private 
settings while still allowing for significant advances in the fight to 
cure diabetes. 


PREPARED STATEMENT 

I will conclude, Mr. Chairman, by thanking you for the oppor- 
tunity to speak today and saying that the opportunities presented 
by human stem cell research offer us the promise of truly signifi- 
cant advances and perhaps a cure for diabetes. A world without di- 
abetes for all the children and adults who suffer from the dev- 
astating impact of this disease is the goal of thej DF, and we urge 
you to ensure that Federal policies alfow this research to continue 
to speed our path to cure this disease. 

Thank you. 

Senator Specter. Thank you. Dr. Melton. 

[The statement follows:] 

Prepared Statement of Doug Melton, Ph.D. 

Good morning Chairman Specter, Senator Harkin and other members of the sub- 
committee. My name is Doug Meiton and I appear before you today on behaif of the 
J uveniie Diabetes Foundation Internationai and the miiiions of famiiies in this 
country touched by diabetes. I am Chairman of the Department of Molecuiar and 
Ceiiuiar Bioiogy at Harvard University, but more importantiy for today's discussion, 

I am here today because my 7-year-oid son, Sam, has had Type 1 (or insuiin-depend- 
ent) diabetes since he was 6 months oid. I am here this morning as a father and 
a researcher, as someone who can speak to you about the human burden of diabetes 
and the scientific potentiai of stem ceii research. 

Mr. Chairman, before I begin my remarks on the topic of this morning's hearing, 

I want to take this opportunity to thank you and the other members of this sub- 
committee for your ieading role in last year's historic increase in Nl H funding. The 
strong bipartisan support for NIH exhibited last year provides renewed hope for 
those of us struggling with chronic disease on a daily basis. 

Founded nearly 30 years ago by parents of children with diabetes, J DF is a vol- 
untary health agency dedicated to finding a cure for diabetes through the support 
of research. J DF gives more money to diabetes research than any other nonprofit, 
non-governmental organization in the world. This year, the Foundation expects to 
commit nearly $65 million directly to diabetes research. 

Diabetes is an insidious disease, and remains widely misunderstood by the gen- 
eral public. Insulin is not a cure for diabetes, it is merely life support. Diabetes is 
the leading cause of new adult blindness, kidney disease, and non-traumatic ampu- 
tations, costing this country nearly $100 billion annually. Sixteen million Americans 
suffer from diabetes. On average, a person with diabetes can expect to live 15 fewer 
years than someone who does not have the disease. I n addition, it is one of the most 
common chronic diseases affecting children, a group upon which it has an especially 
devastating impact. 

Before discussing the exciting potential of stem cell research, allow me to speak 
briefly as a parent. The daily regimen of Sam's blood checks and insulin injections 
(up to 5 per day) are coupled with our need to balancing his diet and exercise: a 
serious challenge in dealing with a 7-year-old soccer player. The medical troubles 
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for Sam are compounded by the vigilance and worry that extract a heavy toll on 
the rest of the family. For example, my wife is regularly up in the late hours of the 
night doing blood checks while Sam sleeps: we wonder is his blood sugar too low? 
Will he find the middle ground between a "low" or coma and being too "high" in 
the morning? I can't recall a night since Sam was diagnosed when we slept peace- 
fully, free of the worry that the balance between his food, insulin and exercise was 
not good enough. I'm unwilling to accept the enormity of this medical and psycho- 
logical burden and I am personally devoted to bringing it to an end for Sam and 
all type I diabetics. I implore you to continue to make it possible to cure diabetes, 
for diabetics and their families. 

Human Stem Cell Research: A Potential Cure for Diabetes 

I would like to commend the Subcommittee for holding these important hearings 
on stem cell research. The recent discoveries in the field hold the potential to end 
all of this and finally find a cure for diabetes. 

Based on these discoveries, it is now foreseeable that human stem cells could be 
stimulated to develop into pancreatic islet cells to replace those that have been de- 
stroyed in individuals with Type 1 diabetes. Stem cells have the potential to develop 
into any tissue or organ in the body and yet cannot develop into a full human being. 
Moreover, these cells could be engineered in such a way that people who receive 
them might not need highly toxic immunosuppressive drugs, which prevent the body 
from rejecting "foreign" tissue— currently a major obstacle to successful islet trans- 
plantation. 

One of the most promising ways of curing diabetes is to restore biologically the 
function of islet cells. This could occur either through islet cell transplantation or 
through engineering of cells to restore the insulin-secreting function. In both in- 
stances, the availability of stem cells would significantly expedite research progress. 

Islet cell transplantation has been largely unsuccessful for two important reasons: 

—Insufficient islets available for transplantation: and 

—Recurrence of the autoimmune response that attacks the islets after transplan- 
tation. 

The problem of insufficient supply of islet cells could potentially be solved through 
additional stem cell research. Because the cells being studied are so early in their 
developmental stage, we are hopeful that we will be able to one day direct their de- 
velopment into any human tissue or organ. If and when scientists can specialize 
these cells to become insulin-producing islet cells, cell lines could be developed to 
produce an unlimited number of islet cells. This would effectively solve the islet cell 
supply problem. 

In addition, in most cases, the immune system of a person with Type 1 diabetes 
will not tolerate an islet cell transplantation, even when an individual is given anti- 
r^ection medications (which themselves can cause serious problems). Because stem 
cells are primordial all-purpose cells from which all tissues of the body develop, it 
may be possible to alter them genetically so that they will not be susceptible to an 
immune attack. This would negate the need for immunosuppression. 

E thical considerations 

J DF understands that stem cell research raises important ethical considerations 
that need to be addressed. Flowever, we feel that appropriate safeguards can and 
should be established to ensure that this important research can be conducted using 
federal funding. 

The 1994 Fluman Embryo Research Panel, which included scientists and ethicists, 
studied the ethical issues raised by this type of research and concluded that stem 
cell research involving "preimplantation" human embryos is acceptable for federal 
funding. We believe that the Panel's report provides a scientific and ethical basis 
to justify federal funding for human stem cell research. This report could also serve 
as the basis for the establishment of a set of safeguards to ensure such research 
is conducted ethically, in both public and private settings, while still allowing for 
significant advances in thefight to cure diabetes. 

Summary 

Mr. Chairman, the opportunities presented by human stem cell research offer us 
the promise of significant advances— and perhaps a cure— for diabetes. A world 
without diabetes for all of the children and adults who currently suffer from its dev- 
astating impact continues to be our goal, and we urge you to ensure that federal 
policies allow this research to continue to speed our path to cure this disease. 
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STATEMENT OF RICHARD PIKUNIS, J .D., PARKINSON'S PATIENT, 
MARLTON, NJ 

Senator Specter. We now turn to Mr. Richard Pikunis, also a 
lawyer and a doctor, J .D., diagnosed with Parkinson's disease 3 
years ago at the age of 27, having exhibited symptoms since the 
age of 24. He persevered and received his law d^ree in May of last 
year at Widener University School of Law. He lives in Marlton, NJ , 
a suburb of Philadelphia, if I may say. Many of us consider 
Marltons Philadelphians. [Laughter.] 

He has one child and one on the way, and is anxiously awaiting 
a resolution of the political issues for medical research on Parkin- 
son's. 

We welcome you here today and look forward to your testimony. 

Mr. Pikunis. Thank you, sir. My name is Richard Pikunis. I wish 
to thank Senator Specter and the other members of this committee 
for allowing me the opportunity to discuss my experiences with 
Parkinson's disease with you. 

I am not a scientist, nor do I hold myself out as an expert in the 
field of stem cell and fetal tissue research. What I can share with 
you today is my perspective as a young person with the terrible de- 
bilitating disease known as Parkinson's. 

Parkinson's disease is a progressive neurological disorder caused 
by the degeneration of brain cells that produce dopamine, a 
neurochemical that controls motor function. By the time symptoms 
of stiffness, tremor, and slowness of movement begin to exhibit 
themselves, the brain has already lost about 80 percent of its 
dopamine-producing cells. 

Of course, I did not know any of this for a long time. Dopamine 
meant as much to me as planning for my retirement, and science 
had no bearing on my life. However, today I look to science praying 
it will be able to save my life. 

When I was 24 years old, my symptoms were apparent, but be- 
cause of my age and general overall good health it went 
undiagnosed. I had the symptoms associated with a typical Parkin- 
son's patient, slowness and loss of movement, postural instability, 
resulting in frequent falls, a distorted gait and muscle rigidity. I 
remember not going on a family vacation because my body ached 
so bad, I was so stiff and rigid, that walking consumed all my en- 
ergy. 

Because of a common misconception that Parkinson's diseases is 
a geriatric disorder, the diagnosis was not as obvious as it should 
have been. Besides, I do not exhibit the most prominent telltale 
symptom of Parkinson's, the tremor. I n fact, according to the Amer- 
ican Parkinson's Disease Association, tremors only occur in about 
70 percent of patients, and it is usually these tremors that bring 
a patient to the doctor. 

However, after years of knowing something was wrong, but not 
quite able to put my finger on it, my mind was finally put at ease 
when the doctor told me I had Parkinson's. Yes, at the ripe old age 
of 27 years, and after three medical opinions, it was conclusive. I 
did have Parkinson's disease. 

I was just starting out in life, the same age as my friends who 
were getting married and buying houses. They were enjoying life, 
as I felt life was slowly being drained from my body. 
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Not knowing what Parkinson's was was probabiy why i was not 
as upset as my parents upon hearing the diagnosis, i remember my 
mother abruptiy ieaving the doctor's office, oniy to find her mo- 
ments iater in the car sobbing. 

Since then, i have iearned a iot about Parkinson's, and i am here 
to teii you that i hate it with a passion. Parkinson's has robbed me 
of my youth. Parkinson's has been there for every major event of 
my aduit iife, and overshadows everything i do, and fights me 
every chance it gets. Parkinson's waiked down the aisie with me 
at my wedding, it made my iife heii as i attended iaw schooi. As 
if the stress of iaw schooi was not bad enough, i had to constantiy 
be reminded by my stiff, aching body that Parkinson's was stiii 
with me. 

i had aiways hoped to have a career in Federai iaw enforcement 
when i graduated from iaw schooi, but now i am finding it difficuit 
to even enjoy a waik with my famiiy. 

i can accept aii this, but what scares me the most about Parkin- 
son's disease is that it hoids my future in its hands. My son ceie- 
brated his first birthday and is i earning to waik as i am siowiy ios- 
ing my abiiity to do so. i wake up every morning bareiy abie to 
move untii my medication kicks in. 

i am currentiy taking L-dopa to repiace the dopamine that my 
body can no ionger produce, but it is becoming iess effective at the 
current dosage, i know L-dopa wiii not be abie to adequateiy treat 
my symptoms forever, and it reaiiy scares me when i think about 
how my iife wiii be in a few years if we do not find a better treat- 
ment or a cure for Parkinson's, i wonder if i wiii be abie to teach 
my chiidren how to ride a bike, or dance at their weddings. 

i am scared about forced retirement before i am financiaiiy sta- 
bie. i just graduated from iaw schooi. Beiieve me, i cannot afford 
not to work, but i know the choice may not be mine to make, be- 
cause with an increase in L-dopa comes the debiiitating side effects 
such as invoiuntary body movements and motor fiuctuations. Some- 
times these side effects are just as bad as the disease. 

it is imperative that now, right now, we expand the research into 
Parkinson's diseases. Preiiminary scientific evidence indicates in- 
vestment in Parkinson's research, into areas invoiving stem ceiis 
and fetai tissue, have the potentiai to produce viabie treatments 
and cures not oniy for Parkinson's disease but for heart faiiure, di- 
abetes, stroke, Aizheimer's, and spinai cord injuries, to name a few. 

Researchers are on the cutting edge of discoveries that wiii 
change immeasurabiy the iives of miiiions. Piease make it possibie 
for the scientific community to expiore these avenues of research. 
Congress has taken steps in the right direction, the enactment of 
the Morris K. Udaii Parkinson's Research Act, but my Government 
is stiii faiiing short in the eyes of miiiions who desperateiy need 
their heip. 

We want the money authorized by the Udaii act to actuaiiy be 
spent on research. Start investing the miiiions it wiii take to cure 
us rather than the biiiions to care for us. Piease heip me and oth- 
ers i ike me iive our dreams and maintain our dignity. 
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PREPARED STATEMENT 

Only you can help put an end to the human suffering associated 
with Parkinson's disease. Do not let me become a burden to my 
loved ones and society. Let me live my dream of an optimistic fu- 
ture with my wife and family. 

Thank you. 

[The statement follows:] 

Prepared Statement of the Biotechnology Industry Organization (BIO) 

EXECUTIVE SUMMARY 

Pluripotent stem cells research provides the hope of a new generation of thera- 
peutics. Using ceii transpiants instead of drugs, bioiogics and other current thera- 
pies, provides new hope for patients with cancer, spinai cord injury, stroke and de- 
generative diseases. As the federai government has not to date provided funding for 
piuripotent stem ceii research, the biotechnoiogy industry has taken the iead in 
funding it. For industry to continue to fund this research, and for this research to 
be deveioped into products at the bedside for patients, patent protection must be 
avaiiabie. For the vitai partnership between industry and academic biomedicai re- 
searchers to remain strong, the terms of technoiogy transfer agreements must be 
commerciaiiy reasonabie. 


statement 

The Biotechnoiogy Industry Organization (BIO) represents 832 companies, state 
and affiiiated organizations engaged in biotechnoiogy research on medicines, 
diagnostics, agricuiture, poiiution control and industrial applications. BIO appre- 
ciates the leadership of the Subcommittee in providing strong support for research 
on pluripotent stem cells and for this opportunity to participate in this hearing. 

Pluripotent stem cell research is a very exciting, cutting-edge area of scientific re- 
search whose promise has captured the imagination of the research community, pa- 
tient advocates, and the American public. We urge the Subcommittee to continue 
to lead the way in supporting this research and the policies that will speed it to 
market for the benefit of patients. 

Over the last 50 years, the only constant in medical innovation has been that sci- 
entists are constantly trying to treat human diseases through new approaches. The 
newest approach which we are here today to discuss is using embryonic or 
pluripotent stem cells (early human cells) to treat degenerative cell based diseases. 
(We have attached to the end of this document two figures to help explain stem 
cells' place in embryonic development and the new method of generating these cells). 
Stem cell research is intended to find treatments which do not depend on chemical 
compounds, rather they use living cells as the treatment or cure. 

It is anticipated that these cells will be differentiated into blood, skin, heart, or 
brain cells and may be able to treat cancers, spinal cord injuries, heart disease and 
potentially many other diseases. 

The science of stem cells 

There are 200 different kinds of cells that make up most of the human body. 
These cells are differentiated, which mean that they have a distinct morphology 
(shape and size), and have achieved a specialized function such as carrying oxygen 
or transmitting "nerve" signals. For years scientists have known about "blood stem 
cells" (cells that can become one of several different blood cells such as white blood 
cells or red blood cells) and the potential uses of umbilical cord blood. 

Flowever, late last year the Geron Corporation announced that its research had, 
for the first time, successfully derived human embryonic stem (ES) cells and main- 
tained them in tissue culture. This was a great step forward in this area of research. 

Stem cells are the earliest precursor of human differentiated cells. These cells 
come from an embryo, and, therefore, have been defined as embryonic stem cells 
(ES). These cells, ES cells, have the capacity to become virtually any cell or tissue 
in the body. These cells are "pluripotential"— that is these cells can be used to form 
almost any tissue. These cultured ES cells are special as they have the capacity for 
self-renewal, meaning they can produce more of themselves without limit. 

The excitement in the research and patient community is understandable. There 
are two ways that ES cells are an advancement: first, as a research tool to study 
developmental biology: and second, as the starting point for therapies to create 
cures to some of the most deadly diseases. The excitement and promise of this ad- 
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vancement is seen in the ietter that 52 patient and medicai professionai societies 
sent to Members of the Senate on December 2, 1998, which supported stem ceii re- 
search and deveiopment (ietter attached). 

Aithough many see the benefits of stem ceii research, we understand that for 
some peopie this new area of research raises ethicai issues. These issues range from 
the ethics of conducting research on human fertiiized eggs to patenting research 
procedures. 

Stem cell research 

In compiiance with current iaw requirements and concerns of the pubiic and the 
use of pubiic funds to support research projects that raise ethicai concerns, the fed- 
erai government has not sponsored research to derive piuripotent stem celis. Now 
that these stem celis have been derived, the government is determining whether it 
can and shouid fund research on these ceii iines. 

Recent studies have documented that government funded basic research is an im- 
portant precursor to innovation by the biopharmaceuticai industry. ^ In addition, 
pubiic funding stimuiates additionai investment by the drug companies and en- 
hances the effectiveness of their Research and Deveiopment expenditures as weli.^ 
According to a study of connections between pharmaceuticai firms and pubiidy 
funded scientists in academia and government, these reiationships have a iarge im- 
pact, raising the ievei of private sector research productivity by as much as 30-40 
percent. 3 (See "Federai Funding for Biomedicai and Related Life Sciences Research, 
fiscai year 1999," by Federation of American Societies for Experimentai Biology.) In 
addition, research that is funded by the Federal government is subject to a variety 
of oversight mechanisms. 

Technolcgy partnership mechanisms 

Technology transfer is a process by which amorphous areas of scientific research 
are defined (generally through patents), then sold or licensed to others. This process 
promotes the commercial development of products as it is designed to provide for 
the capturing of the value of basic research by the basic researcher (generally a non- 
profit university researcher), and the shifting of the research to organizations that 
are better able to assume the financial risk associated with developing a commercial 
product (generally a corporation). 

In biotechnolo^, technology partnerships take a number of forms depending on 
whether they involve the NIFI, N I FI -funded research, or in the case of stem cell re- 
search, non-government support of research. In each case the biotechnology industry 
pays royalties for the patent rights to medical technologies. For your information, 
the principal technology partnership mechanisms are listed below: 

Cooperative Research and De/elopment Agreement (CRADA).—A CRADA is an 
agreement through which researchers at the NIFI and private companies n^otiate 
terms for cooperative research and define the rights of the parties to use licenses 
for any patents which might be created as a result of the research. CRADAs are 
the cornerstone of the basic biomedical research partnerships between the NIFI and 
the biotechnology and pharmaceutical industries. In many cases the corporate part- 
ner provides funding and other resources to conduct research at the NIFI. This cor- 
porate partner will then take the new technology and develop a marketable product. 

Bayh-Dole agreements.— Bayh-Do\e Agreements are agreements between univer- 
sities or medical institutes and biotechnology companies or pharmaceutical compa- 
nies in which the parties define the licensing rights to patents and agree on how 
to share funds and materials. Similar agreements exist between intramural govern- 
ment researchers and licensees. 

Technology licensing.— In the absence of federal funds, organizations are free to 
license technology as they see fit, without oversight of any Federal office. This free- 
dom to license insures that research organizations are able to capture the value of 
the research. Generally these agreements are in accord with the mission of the orga- 
nizations involved. Anti-trust considerations sometimes play a role. 


^Andrew A. Tode, 'The Impact of Federally Funded Basic Research on Industrial Innovation: 
Evidence from the Pharmaceutical I ndustry," Madison, Wisconsin: Laurltls R. Christensen Asso- 
ciates (1997). 

^Andrew A. Toole, "Public Research, Public Regulation, and Expected Profitability: The Deter- 
mination of Pharmaceutical Research and Development Investment," Madison, Wisconsin: 
Laurltls R. Christensen Associates (1997). 

3|ain Cockburn and Rebecca Flenderson, "Public-private interaction and the productivity of 
pharmaceutical research," National Bureau of Economic Research (1997). 
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L i censing of patents 

The partnerships that are formed are based upon the licensing of patents to basic 
biomedical research discoveries. These licenses are critical to the relationship be- 
tween biotechnology and pharmaceutical companies and their research partners. 
Without patents to protect the taking of an invention by a competitor, a company 
cannot justify its research investment. For instance, any company would be competi- 
tively disadvantaged by investing in stem cell research if other companies could 
freely acquire it. It is crucial that the basic research institution secures patents on 
their inventions so companies that invest money in developing these inventions can 
benefit from their investment. These licenses generally require companies to make 
royalty payments to the proprietary owner of the license, or licensor, based on any 
sales of products attributed to the licensed patent. These arrangements allow the 
research organization to gain a benefit from the research while not bearing the risk 
associated with the continued and expensive research and development program. 
While protecting investment and rewarding risk-taking, patents also act as a power- 
ful spur to competitors to improve on the patented technology or provide alter- 
natives. 

In this regard, the biotechnology industry anticipates the assumption of the risk 
and hopes to pay royalties as a part of a license agreement. Companies frequently 
license technology from one another and the norm is to include royalty payments. 
Restrictive future licensing provisions will merely diminish the value of the licensed 
technology. Logically, in some cases, restrictive practices would prevent the licens- 
ing of some technology and thereby prevent its development. 

Patents and stem cells 

Prior to the licensing of technology, the nebulous boundaries of a technology must 
be defined so that the intangible assets can be handled by the U.S. business and 
our legal system. In general that is done through the patent system. A U.S. patent 
is defined by claims that provide sharply defined borders to technology. These 
boundaries give clear notice to others so that the area can be avoided or licenses 
can be taken to practice what is defined. The claims can be directed to products and 
compositions of matter. Once boundaries are established and claims granted in an 
exciting field such as stem cells, patents provide a powerful stimulus to competitive 
academic groups and companies to improve on technologies and/or find new routes 
to achieve the same effects. In this way, patents increase the range of effective prod- 
ucts available to treat intractable diseases and improve social welfare. 

There may be no industry which is more sensitive to patent protection than the 
biotechnology industry. The rate of investment in research and development in this 
industry is higher than in any other industry. Any law which undermines the abil- 
ity of biotechnology companies to secure patent protection undermines funding for 
research on deadly, disabling and costly diseases. Capital will not be invested in bio- 
technology companies if they are not able to secure intellectual property protection 
to recoup the substantial investments they must make in developing a product for 
market. 

Our industry's position on patents follows from one simple fact about the bio- 
technology industry: most of our firms fund research on deadly and disabling dis- 
eases from equity capital, not revenue from product sales. Without investors taking 
the risk of buying the stock of our companies, much of our vital research would end. 
Almost without exception our industry cannot borrow capital. Our principal, and for 
most of us, our only source of capital, is equity capital. 

Intellectual property protection is critical to the ability of the biotechnology indus- 
try to secure funding for research because it assures investors in the technology that 
they will have the first opportunity to profit from their investment. Without ade- 
quate protection for biotechnology inventions, investors will not provide capital to 
fund research. There is substantial risk and expense associated with biotechnology 
research and investors need to know that the inventions of our companies cannot 
be pirated by their competitors. 

Our industry's general position on patents is identical to our industry's position 
on stem cell patents. In regard to stem cell research, patents are vital and they 
should be freely transferable. These patents are essential to the continuation of 
stem cell research. No money has yet been made from selling stem cell products. 
It is unreasonable to expect any money to be made for many years to come from 
this research. 



107 


Research &<emptions 

This pceition is entirely consistent with the continued existence of a "research ex- 
emption"4 (This exemption is different from the statutory Bolar^ exemption that 
provides additional protections for non-patent holders. Bolar is not relevant to stem 
cell research at this time as no therapeutics are nearing submission for regulatory 
approval). The courts and BIO recognize that it is important that patents do not 
block academic research that move a field forward and which do not compete in the 
marketplace. Accordingly, the courts have created the "research exemption" as a de- 
fense against patent infringement for academic research— the type of research typi- 
cally done by universities. The biotechnology industry supports this exemption. The 
industry benefits from the knowledge that is created by the research being done on 
technology that the industry has patented. This judicially created doctrine and the 
support of the doctrine from the biotechnology industry has in having no bio- 
technology company ever suing a university for performing academic research on 
patented technology. 

In large part due to the patentability of new areas of research like stem cell re- 
search and the transferability of patents, the United States leads the world in bio- 
medical research. The competitiveness of the U.S. biotechnology industry means 
that the most vulnerable U.S. patients have hope. It means that they can look to 
American biotech companies to develop the therapies and cures which will ease 
their suffering. 

Summary of Commercial De^/elopment Issues Regarding Stem Cell Technology 

The partnerships between NIH and NIH-funded grantees and the biotechnology 
and pharmaceutical industries stand at the center of the world's most productive 
biomedical research enterprise. Following is a summary of BIO's views on the com- 
mercial development issues associated with stem cell and other biomedical research. 

— NIFI and N I FI -grantees have entered into a broad array of research agreements 
and licenses. These agreements and licenses typically provide that intellectual 
property generated by NIFI and NIFI-grantees is licensed or sold to bio- 
technology and pharmaceutical companies in exchange for royalty payments on 
any sales. 

—Central to these relationships are patents which ensure that the results of the 
university and industry investments are not misappropriated by those who did 
not make the investments. Without patent protection no company can persuade 
its investors to put their capital at risk, and NIFI and its grantees would have 
nothing to license. The patentability of inventions is determined by the Patent 
and Trademark Office under well established guidelines. 

—Universities filed over 3,000 new patent applications in fiscal year 1997 in the 
expectation that they could generate revenues in the form of licenses and royal- 
ties. The availability of patents— which grant an inventor 17 years of protection 
from competitors— leads to an intense competition in the development of life- 
saving drugs, biologies and devices. Patients in need of new medicines and de- 
vices are the beneficiaries of this competition. 

—Patents do not block university researchers from conducting research on pat- 
ented inventions. These researchers are protected from a patent infringement 
action by an "experimental use" exemption from an infringement action because 
they are not competitors with a commercial motivation. 

—Licenses can be exclusive or non-exclusive (i.e, sold to one, or more than one 
entity). Each type of license may be appropriate depending on the cir- 
cumstances. About 10 percent of NIFI's licenses are exclusive. Academic re- 
searchers not engaged in research for commercial use are not affected by the 
existence of an exclusive license. The Association of University Technology Man- 
agers (AUTM) Licensing Survey, fiscal year 1997, found that universities exe- 
cuted 2,665 licenses and options of which 1,377 were exclusive (52 percent) and 
1,288 were non-exclusive (48 percent): U.S. hospitals and research institutes ex- 
ecuted 361 licenses and options, of which 208 were exclusive (58 percent) and 
153 were non-exclusive (42 percent): and Canadian institutions executed 198 li- 
censes and options, of which 139 were exclusive (70 percent) and 59 were non- 
exclusive (30 percent). 

—An exclusive license gives a company a greater incentive to invest its resources 
in the development of technology and this means that the companies are able 


‘‘Popenhusen v. Falke, S.D.N.Y. 1861, 19 Fed.Cas. 1048, Northill Co. V. Danforth, D.C.Cal. 
1943, 51 F.Supp. 928, Chesterfield v. U.S., 1958, 159 F.SuppI 371, 141 Ct.CI. 838, Norfin, Inc. 
v. International Business Mach. Corp. D.C. Colo., 1978, 453 F.Supp. 1072, affirmed 625 F.2d 
357, Ares-Serono v. Organon Int. B.V., D.Mass.l994, 862 F.Supp. 603. 

5Roche v. Bolar Pharmaceutical Co., Fed. Cir 1984, 733 F.2d. 858 and see 35 U.S.C. 271(e). 
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and willing to pay a higher royalty rate to the NIH or an NIH-grantee. Exclu- 
sive licenses are particularly appropriate in cases where substantial risk and 
expense are involved in the development of basic research into a marketable 
product. 

—In 1997 NIH received approximately $40 million (1,000 licenses) and its grant- 
ees approximately $300 million (5,000 licenses) in royalties from its licenses to 
biotechnology and pharmaceutical companies. This income helps to fund addi- 
tional research. 

—In 1997, of all federally funded grantees, the top ten recipients of royalty in- 
come include: University of California System ($67.3 million), Stanford Univer- 
sity ($51.7 million), Columbia University ($50.3 million), Florida State Univer- 
sity ($29.9 million), Massachusetts Institute of Technology ($21.2 million), 
Michigan State University ($18.3 million). University of Florida ($18.2 million), 
W.A.R.F/University of Wisconsin-Madison ($17.2 million). Harvard University 
($16.5 million), Carnegie Mellon University ($13.4 million). This income helps 
to fund additional research. 

—In 1996, separate from licensing royalties, industry sponsored $1.5 billion in re- 
search at U.S. universities, hospitals and research institutes, the overwhelming 
portion of which is in biomedical research (such as conducting clinical trials, in- 
cluding $41 million at Massachusetts General Hospital and $26 million at the 
Mayo Clinic). This income is vital to the biomedical research efforts of these in- 
stitutions. 

—From 1980 through 1997 these technology partnerships between federal govern- 
ment agencies and university-based research were reported (many aren't re- 
ported) to have led to the founding of 1,521 U.S. companies. 

—These technology partnerships, and the patents on which they are based, are 
particularly important to small biotechnology companies. These companies tend 
to focus their research on breakthrough technologies that come from basic bio- 
medical research. They also must have strong patent protection to justify the 
risks they take. Most of these companies have no revenue from product sales 
to fund research, thus, they depend on venture capital and public market inves- 
tors. In 1997, the biotechnolo^ industry lost $4.1 billion. Previous years have 
had similar financial losses (1996, $4.5 billion loss; 1995, $4.6 billion loss; 1994, 
$4.2 billion loss). The biotech industry hasn't ever had a profitable year. 

Conclusion 

BIO appreciates the opportunity to present these views on this important issue. 
We look forward to working with the Subcommittee to support policies that will 
speed the development of pluripotent stem cell research into products for the benefit 
of patients. 


OBTAINING BY ETHICAL MEANS 

Senator Specter. Thank you very much, Mr. Pikunis, for that 
very moving statement, and we will start now 5-minute rounds of 
questioning. 

Your testimony goes to the point that I made in my opening 
about the sense of urgency. There appears to be a ban— Senator 
Harkin may be right that there really is no ban, but NIH is treat- 
ing it as a ban, and instead of importuning interpretation and liti- 
gation we have the way to resolve it with legislation that came out 
of this subcommittee. 

The purported ban, we can lift that ban, and when you talk 
about your personal situation, that is precisely the sense of urgency 
which I think ought to move the Congress to get this done. 

Let me ask you the first question. Dr. Goldstein. Picking up on 
your statement about obtaining by ethical means, the embryo is a 
sperm-fertilized egg and will grow into a fetus upon implantation 
in the uterus. 

What we have here are discarded embryos, so there is no possi- 
bility of the embryos which are used for stem cell research to be 
implanted and to produce a person, is that a correct scientific state- 
ment? 
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Dr. Goldstein. Yes; that is our understanding of the situation, 
Senator. In addition, we presume— I presume personally these em- 
bryos may be damaged in handling. You may not want to implant 
them into women. Actually, to implant them would itself be uneth- 
ical. 

Senator Specter. The long and short of it is that it is ethical to 
take these discarded embryos, which are not going to be used for 
implantation, to produce a human being for medical research? 

Dr. Goldstein. Yes; we believe so. 

Senator Specter. I want to turn to you, Mr. Dickinson, on the 
question of patent applicability, and again I am sorry that Geron 
is not here to give us their view of the issue. 

If the stem cell is defined as an end product, then it is subject 
to patent protection, but if it is considered to be a research tool, 
then in that situation— or is there any other interpretation where 
it would not be subject to patent protection? 

Mr. Dickinson. Senator, patent claims are a very arcane and 
very semantic type of 

Senator Specter. That is why we have you here. 

Mr. Dickinson. Thank you. I think it would be not appropriate 
necessarily for me to comment on or speculate on what the breath 
of a claim might look like that we do not have before us at this 
time. 

The claims that are directed to stem cells, as you point out, are 
directed to stem cells which have been isolated and purified and, 
as such, from a long line of case law are subject to patent protec- 
tion. 

Senator Specter. Well, if they are a research tool are they sub- 
ject to patent protection? 

Mr. Dickinson. They can be, yes. 

Senator Specter. Under what circumstance might they not be? 

Mr. Dickinson. We have a four-part test, as I mentioned, for pat- 
entability, and if they are outside that test— for example, if they 
are not subject matter which is patentable by statute, which is a 
very broad statute, or if they are not new, if they have been known 
before, or if they are obvious in view of what has been known be- 
fore, they would not be patentable. 

Senator Specter. So we might have to change the law to move 
them outside of patent protection? 

Mr. Dickinson. That is always a possibility. Senator. 

Senator Specter. Well, Congress can do that. 

Mr. Dickinson. Yes, sir. 

Senator Specter. Dr. Freire, the patent contains 11 claims, some 
of which use the term, primate to identify the Wisconsin work. Pri- 
mate might be construed as to cover humans, although the term 
is not— the term human is not presented among the claims. Could 
that be interpreted to have any implication for producing human 
stem cells? 

Dr. Freire. Yes, Senator. We checked with the holder of the pat- 
ent and they told us that they have prosecuted the patent to in- 
clude humans, although none of the research supported by N I FI 
was for humans. It was all for the monkeys. 

Senator Specter. Does that bear upon the issue of human 
cloning? 
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Dr. Freire. Well, the claims as they are right now on stem cells 
and their production are from primates. As you point out and, as 
such, humans are primates. 

Senator Specter. My red light is on. I will pick up on my first 
question to Dr. Melton in my next round. 

Senator Harkin. 

PATENTABILITY OF RESEARCH TOOLS 

Senator Harkin. Thank you, Mr. Chairman. My first question 
would be to you. Dr. Freire. You mentioned, and I caught it when 
I sat down here when I came in a little bit late, a dilemma. Would 
you expand upon what you meant by that dilemma? 

Dr. Freire. Yes; it actually bears on the question that Senator 
Specter asked Mr. Dickinson, whether or not research tools are pat- 
entable. They are, indeed, patentable, so the question is, how do 
you enforce those patent rights? We are very respectful of the pat- 
ent holder's right to extract value from his or her invention. The 
concern arises when the value is extracted, from our perspective, 
at a very early stage, at the research stage, as we are being asked 
to do at this point. The patent, of course, as Mr. Dickinson pointed 
out, allows for the making, using, or selling, precluding others from 
making, using, or selling, and our scientists are making and using 
many of these research tools. 

When obligation is tied to these very early discoveries by the pat- 
ent holder, at the end of the day we have a very encumbered poten- 
tial drug or therapeutic that may never see the market because of 
these very complicated obligations. 

On the other hand, it is of value to the owner of the patent, and 
we certainly cannot diminish that value. We have learned very 
many lessons from the 20 years. Your recollection on Bayh-Dole is 
exactly correct. It was an economic development effort. But one of 
the lessons we have learned is that while we grant that protection 
we should be able to separate the way we license this technology 
to ensure that the rights to maintain unencumbered research con- 
tinue while we extract the value for the commercial partner. That 
was not something we thought about doing early on. 

BAYH-DOLE ACT 

Senator Specter. Under Bayh-Dole, if the Federal Government 
is involved in any of the funding for the basic research, as I under- 
stand it— correct me if I am wrong— the Federal Government, NIH, 
retains the right to use those findings. Even though they are pat- 
entable and patented, they are able to use those as research tools 
intramurally. 

Dr. Freire. Well, we actually retain the right to use— we have 
a royalty-free right to use the patent. We have a license to all of 
those patents for Government purposes, that is, the intramural sci- 
entists at NIH. 

Senator Harkin. A nonexclusive right? 

Dr. Freire. That is correct. 

Senator Harkin. And it is not— well, it is not something that you 
pay for, that we pay for. The Government retains that right. 

Dr. Freire. Correct. 

Senator Harkin. But you can only use that for intramural 
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Dr. Freire. Or for Government purposes, contractual Govern- 
ment purposes, like if we have a contract and the contractor is 
doing work for the Government, that is one of the retained rights. 

Normally, these Government rights that are retained are not in- 
terpreted to ensure to our grantees. Our grantees are not consid- 
ered part of the Government user rights. 

Senator Harkin. And you think that should be allowed? I mean, 
you raise that as a problem. 

Dr. Freire. Yes; I think that we would very much like to see the 
ability of our funded researchers to use these research tools 
unencumbered, yes. 

Senator FIarkin. And if they use them unencumbered, then let 
us assume that they find an application— they are able find a 
means of developing that stem cell into muscle tissue or something, 
and you get to the Parkinson's Disease, for example, who has the 
right to that patent? 

Dr. Freire. Well, the new invention, if it is in fact a new inven- 
tion, could be patentable by the grantee. 

Senator FIarkin. Well, would the grantee then have to pay a li- 
censing fee to the original patent holder of the stem cell? 

Dr. Freire. Well, what normally happens is, the grantee would 
license to company X. Company X would have to ensure that they 
have the rights to practice the invention for commercial purposes. 
Company X will go back to the companies that hold other rights 
and establish licensee agreements with the other commercial part- 
ners to ensure that they can move forward. 

Senator FIarkin. I just want to be clear on this. My time is up. 
If the Federal Government retains the right to be able to use these 
research tools as a means of enabling our grantees— say another 
university— to be able to use these as a research tool, that grantee 
is not paying any license rights to the initial patent holder, is that 
correct? That is right. 

And then the licensee develops a strain from that, and they then 
want to patent that strain and obtain the recompense for that. 
Flow, then, do we ensure that it gets back to the original patent 
holder that they also would retain some right in that? 

Dr. Freire. Well, the original patent holder, if they have a domi- 
nant patent, would be approached by the licensee who wants to 
bring the product to commercialization. Otherwise they would be 
infringing the patent of the original holder. 

Senator FIarkin. I see. They could use the line for any kind of 
research, but when they take the step to commercialize it, then 
they have to go back to the original patent holder to obtain some 
rights? 

Dr. Freire. Let me clarify. Senator. In the pharmaceutical and 
biotechnology industry the research exemption really does not 
exist, per se, which is what you are getting at. We really do not 
have a very solid research exemption. 

Companies have, in fact, come back to the NIFI and said, you 
need to take a license because you are making or using patented 
technology. But the pharmaceutical and biotechnology industry 
have worked with the academic sector in a hand-shake type agree- 
ment, because they understood the importance of basic science. 
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But, we are seeing companies come back and exercising their rights 
this way. 

Senator Harkin. Thank you, Mr. Chairman. 

Senator Specter. Dr. Melton, you have extraordinary credentials 
here, with your chairmanship of the Molecular and Cellular Biology 
Department at Harvard University, and you have equally impres- 
sive personal interest with your 7-year-old son. 

Tell us what would the key processes be to develop stem cells 
into cells that produce insulin, or otherwise deal with diabetes? 

Stated differently, how close are we to using stem cells to solve 
the diabetes problem for your son? 

Dr. Melton. That is a very good question, Mr. Chairman. What 
I can tell you with some confidence is that the work with mouse 
stem cells is so encouraging that one is within a few years of being 
able to get those cells, or direct them to become pancreatic cell 
types in culture, and that is why I think it is so imperative that 
we immediately begin to transfer that information, to test our 
knowledge, in the case of the human cells to determine whether 
there are any significant differences. 

I was very encouraged by that questioning, because it is clear 
that you and Senator Harkin are trying to free up Federal funding 
so that this sort of research can continue. 

Senator Specter. Well, as you know, there were many millions 
of dollars added by this subcommittee last year, but it does not do 
a whole lot of good if the NIH is barred from using that on this 
very dramatic breakthrough. 

Dr. Melton. What I can see, speaking from the scientist's point 
of view in the trenches, is that there are many people with very 
good ideas, novel ideas about how to actively pursue this research, 
and we are anxious for Federal funding. 

Senator Specter. Your few years is very helpful. We do not have 
a whole lot of time, so I am going to move on to M r. Pikunis. 

On Parkinson's, there have been very effective advocacy groups. 
With the Udall legislation last year, that sort of took the Congress 
by storm on the difficult matter of having Congress establish prior- 
ities, which are characteristically left for NIH. 

J ust how pressing is it for you personally, Mr. Pikunis, in terms 
of your daily activities, to have the assurance that NIH will move 
forward, the Federal Government will move forward? How does 
that impact on your daily life? 

Mr. Pikunis. I think it is very important, because right now 
under current medication-type treatments for Parkinson's Disease 
I am fine as long as I am on the medication, but I notice if the dos- 
age goes too high I start exhibiting the side effects of the involun- 
tary body movements, and that is at a slightly increased dose from 
what I am on now. 

As long as I am on the current dose, I am fine, but I know that 
the current does is not going to last me forever. 

Senator Specter. Dr. Goldstein, you identified a range of other 
ailments in your testimony, heart disease, Alzheimer's— does this 
have application for cancer as well? 

Dr. Goldstein. Yes; we believe it does. Many of the therapies 
that are involved in cancer chemotherapy wipe out many types of 
cells in the body that need to be replenished. Often, they are done 
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by bone marrow transplants. Stem cells could, in fact, be a much 
better source of these vital cells. 

Senator Specter. Dr. Melton gives us a few years, as he says, 
with respect to diabetes. Would you give us a ball park figure with 
respect to Alzheimer's? 

Dr. Goldstein. Alzheimer's is a very tough problem. Senator, 
and I do not think we have a very good sense of how long it will 
be. I guarantee you that every day we delay is another day that 
the clock ticks and we are not making progress using this vital re- 
search ne^. 

Senator Specter. People in Congress like to have figures, even 
ball park figures. Let me press you on the question, and very seri- 
ously, this business of advocacy is a very tough issue. 

The first thing we have to do is disabuse many of the notions 
that using embryos is somehow related to destroying human lives. 
That is a very, very big political issue, and you, ladies and gentle- 
men, a pretty good-siz^ group here, ought to be aware of that in 
terms of your advocacy. You have got to approach a lot of people 
to disabuse that notion. 

And then if you talk in terms of being close, and what the dollars 
will do, then you start to create an impetus for it, so I want to give 
you just a little insight into advocacy. 

My red light is on, but yours is, and for a very short answer, how 
long? 

Dr. Goldstein. Maybe 5 to 10 years. Senator, where we could 
see some hope. We can turn these cells into neurons now, but the 
question is whether we can turn them into the right sorts of neu- 
rons. 

Senator Specter. Senator Harkin, as is not unusual, has the last 
word. [Laughter.] 

UNIVERSITY OF WISCONSIN RESEARCH 

Senator Harkin. Again, Dr. Freire, in your testimony you men- 
tioned that because the Government funded earlier research on 
rhesus monkeys at the University of Wisconsin the Government 
has a "nonexclusive royalty-free right to use the patented cells by 
or on behalf of the Government." Do those patented cells include 
human embryonic stem cells? 

Dr. Freire. The owner of the patent would argue that they do 
include human embryonic stem ceils. 

Senator Harkin. The owner of the patent? 

Dr. Freire. Wisconsin. 

Senator Harkin. That they do? 

Dr. Freire. Yes; that the claims to that patent do include human 
embryonic stem cells. The word human does not appear in the 
claims. The word primate appears in the claim, and primate en- 
compasses humans. That is the way the owner of the patent pros- 
ecuted this application, from what we have been able to discuss 
with them. 

Senator Harkin. Do you agree with that? 

Dr. Freire. Yes. 

Senator Harkin. Mr. Dickinson, some in the research community 
argue the Patent Office is issuing biotechnology patents that are 
too broad. What is your response to that? 
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Mr. Dickinson. Well, the matter of the breadth or the narrow- 
ness of the claim is a matter, again, of matching it up against those 
four statutory requirements that I mentioned. 

It has been my experience that when patents issue of a certain 
breadth in a new technology there is often concern about that 
breadth, but what happens in reality is that additional patents, 
what may be called a genus patent, what often happens, very 
quickly, is the people develop species patents, new and not obvious 
claims in new patents that would be patentable over that original 
broad patent. 

This is something we have dealt with historically. It has been 
dealt with effectively. 

Senator Harkin. You do not think they are too broad? 

Mr. Dickinson. Not in general, no. The nature of the breadth of 
a patent is measured by the prior art. 

BAYH-DOLE 

Senator Harkin. My time is up. One final question for all of you. 
Do we need to readdress Bayh-Dole? 

I have heard that it has been a success, but like anything that 
is 18 or 19 years old, it may need to be readdressed. Do we need 
to make some changes, because the biotech industry had not really 
started— it was in its embryonic stage when we passed Bayh-Dole. 

Do we need to make any changes in Bayh-Dole, Dr. Freire? 

Dr. Freire. When I discuss this with my colleagues at univer- 
sities the president of the Association of University Technology 
Managers Karen Mersey said publicly that perhaps 20 years later 
we could go back and look and see how some of these things have 
worked, so it would not be a full rewriting but an assessment. I 
think it would be responsible to take a look at what those items 
are. 

Senator Harkin. Well, I for one, just speaking as an individual, 
am open to any suggestion from you or anyone else in the audience 
about suggestions for modifications if modification is needed. I have 
not made that decision yet. 

Mr. Dickinson, what say you? 

Mr. Dickinson. I am not an expert on the Bayh-Dole Act. It is 
probably not my place to comment on whether it is working or not. 

Senator Harkin. Dr. Goldstein, how about you? What do you 
say? 

Dr. Goldstein. I am sorry. Senator, I am not a lawyer, but I can 
certainly point out that it is always worthwhile reviewing past ac- 
tions after 20 years have passed. 

Senator Harkin. Dr. Melton, do you have any views on that? 

Dr. Melton. I agree with Mr. Goldstein that the rapid changes 
in the biotech industry were not foreseen when that act was con- 
structed and I think it is worth revisiting it. 

Senator Harkin. Mr. Pikunis, do you have any views on this? 

Mr. Pikunis. No, sir; I do not. 

Senator Harkin. I am just trying to figure out— and again, the 
dilemma is, we want the research, we want the money invested, we 
want private moneys invested, and we also want to make sure that 
they are able to get a return on that investment and that they are 
able to patent it, but we also want to make sure the research is 
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broadly and widely available to others, and that we are not hin- 
dered by a broad patent that is issu^ that hinders further re- 
search that may be utilized. That is the dilemma. 

But I do not know what we will do on the Bayh-Dole Act, Mr. 
Chairman. I do not know if it needs to be looked at or not. Like 
I say, I have personally made no decision on that. 

Senator Specter. Senator Harkin, it may be we will have to take 
a look at it, and we will have to take a look at the patent laws, 
or it may be that if Congress takes a look at the patent laws in 
thej udiciary Committee, that there will be a little more generosity 
on licensing, and having research going forward. You never can tefl 
how those issues are going to interact. 

SUBCOMMITTEE RECESS 

Thank you all very much for being here, that concludes our hear- 
ing. The subcommitee will stand in recess subject to the call of the 
Chair. 

[Whereupon, at 10 a.m., Tuesday, J anuary 12, the hearing was 
concluded, and the subcommittee was recessed, to reconvene sub- 
ject to the call of the Chair.] 
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OPENING REMARKS OF SENATOR SPECTER 

Senator Specter. Good morning, ladies and gentlemen. The Sub- 
committee on Labor, Health and Human Services will proceed. 

We have scheduled this hearing on stem cells, which is the third 
in reasonably rapid succession, given the hearing schedules of the 
subcommittee, this subcommittee or any subcommittee, because of 
the importance of stem cells research, where there is such enor- 
mous potential for medical advances. 

The request has been made that the subcommittee not proceed 
to initiate legislation on the subject because that might complicate 
the use of stem cells under an opinion which has just been ren- 
dered by legal counsel for the Department of Health and Human 
Services, and we want to work with HHS and N I H to see to it that 
the most appropriate course is followed here. 

The definition of "organisms" and "stem cells" and the entire 
medical lexicon is extraordinarily complicated. We have noted that 
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NIH researchers will only be allowed to work on stem cells ob- 
tained by private sources. No Nl H-supported researchers will be al- 
lowed to conduct direct work on a human embryo, even to obtain 
stem cells, consistent with the existing ban. 

That is an advance, but it is limited, obviously, on the face. 
There are a series of NIH caveats in that NIH will not fund any 
human cell research until such time as special guidelines are devel- 
oped addressing relevant ethical and moral issues. So that is a con- 
straint. 

NIH plans to convene a special oversight group to review all re- 
search grant applications involving human stem cells in addition to 
the regular scientific review process, which is another limitation. 
NIH has asked the National Bioethics Advisory Board for addi- 
tional guidance. 

I appreciate the thinking of NIH on all these very complex sub- 
jects. The hearing today will focus on to what extent that may 
delay research, and there is a question as to whether additional 
legislation is needed, which we will be addressing. These are very, 
very difficult legal problems, and that only begins to scratch the 
surface of the ethical problems which underlie them. 

The question is in my mind as to whether legislation is necessary 
or desirable. Maybe we should not have any legislation. My pre- 
liminary thinking is, as I expressed it in the second hearing, after 
studying the issue from our initial hearing, was that we really 
ought to utilize this kind of research, and if it requires legislative 
change then I think we ought to proceed in an exp^itious way, but 
in a careful way. 

So Dr. Varmus, that is a very, very brief outline of some of the 
problems running through my thinking on it. We welcome you here 
again today. I know that there are scheduling problems among the 
panel and there is a scheduling problem with the subcommittee. 
We have advanced the hearing, as you know, to 9 o'clock because 
we have a caucus on the impeachment case, which is very time-con- 
suming. But it is my firm view that we ought to be taking care of 
other problems as well. So whatever time we have to meet to do 
that, however, we can proceed in an appropriate but expedited 
fashion, we intend to do that. I know you are experienced at that. 
Dr. Varmus. 

We thank you for coming. We compliment you again on the out- 
standing work you have done at NIH over the years. We have put 
the government's money where our praise is, to paraphrase a fa- 
mous statement. The floor is yours. Dr. Varmus. 

SUMMARY STATEMENT OF DR. HAROLD VARMUS 

Dr. Varmus. Mr. Chairman, thank you very much. 

Senator Specter. I would like you to limit the opening state- 
ments to 5 minutes, to leave maximum time for questions. 

Dr. Varmus. I appreciate your attention to these issues despite 
conflicting demands on your time. 

My purpose today is threefold. I want to just say a couple of 
words to remind you about the scientific prospects here, review the 
legal decision that you have alluded to, and outline the next steps 
that the NIH proposes to take to pursue our intention to support 
research with these new stem cells. 
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I remind you that human pi uri potent stem cells were recently 
isolated by two methods: first from fetal tissue after elective abor- 
tion; and from embryos that were donated after treatment of infer- 
tility. Neither of these events were supported with Federal funding. 

Now, human pluripotent stem cells can divide in culture for long 
periods. That is part of their usefulness— good morning, Senator— 
and they have the potential to form virtually any kind of tissue. 
The research applications of these cells are various and important. 
They include attempts to understand human development, efforts 
to develop drugs and test for drug toxicity in new ways, and the 
potential for developing cell therapies for many diseases, injuries, 
and conditions. 

We discussed in December at your hearing the issue of Federal 
support for this science and indeed other kinds of science as well. 
As you heard from the panelists at that time, there are several ad- 
vantages to receiving Federal support in this area: the open ex- 
change and the more intense and accountable oversight, the great- 
er number of dollars and the more talent recruited to these prob- 
lems, and the ultimate goal of faster progress toward public health 
goals. 

We at the Nl FI respect and recognize many ethical and legal con- 
cerns about human pluripotent stem cells and the modes by which 
they are derived. We are firm in our conviction that Federal funds 
should not be used for this purpose until both the legal concerns 
and these ethical concerns have been addressed and many constitu- 
encies, including Congress and the public, have been consulted. 

As a first step, I asked the General Counsel, Flarriet Rabb, who 
is sitting with me today, for a legal opinion about the Federal fund- 
ing of research with these cells, distinguishing carefully between 
the use of the cells and their derivation. In other words, can we 
support work with the established human pluripotent stem cells in 
view of the appropriation law that you alluded to that bans the use 
of Federal funds for embryo research. 

The essence of her opinion, which you have been given, is that: 
first, yes, we can fund work with human pluripotent stem cells de- 
rived from nonliving fetuses under the existing statutes that gov- 
ern fetal tissue research; secondly, that we can fund work with 
human pluripotent stem cells that are derived from embryos be- 
cause the cells themselves are not organisms, they cannot become 
organisms, and hence they are not embryos as defined by law. In- 
deed, at your December hearing, prompted by Senator Flarkin, all 
witnesses who expressed an opinion agreed with this definition. 

Now, under the appropriation law it is also the case that we can- 
not use these stem cells to make an embryo, for example by so- 
matic cell nuclear transfer, and of course we cannot fund work to 
derive such cells from embryos, although we can do so from fetal 
tissue. 

I presented these views at a meeting of the National Bioethics 
Advisory Commission on J anuary 19. That meeting was held on 
this topic in response to a presidential request that the entire area 
of stem cells research be reviewed in view of the promises of recent 
work, because he felt that recent advances had indicated that there 
was a need to reassess the balance between the ethical concerns 
about such work and the promise for medical research. 
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We welcome the review by NBAC. We specifically seek prompt 
guidance with respect to the ethical considerations that will allow 
us to carry out appropriate oversight on this research. 

What are our next steps? Well, first, as I have made clear on 
many occasions, no imm^iate funding is occurring until we have 
our guidelines and process in place. This has been communicated 
to all of our investigators, both intramural ly and extramural ly, 
through memos and I nternet postings and news reports. 

Second, I am establishing a working group of my advisory com- 
mittee to the Director which has ad hoc members from all the rel- 
evant specialties. That working group will work with NIH staff to 
compose guidelines for the conduct of research on these cells. The 
guidelines will address the work to be done with the cells, how the 
cells were derived, and how the starting materials were obtained. 

There are important frameworks that will make this formulation 
of guidelines easier. There are Federal rules for work with fetal tis- 
sue that will be helpful. Some years ago, in 1994, a human embryo 
research panel issued recommendations that were extremely 
thoughtful and will be important guides in the development of 
guidelines. 

Finally, the group will also be consulting with the NBAC, with 
Congress, with the public. We will be publishing a draft of our 
guidelines in the Federal Register for comment. We expect to have 
the guidelines written and presented to the public in the course of 
the next couple of months. We will then promulgate those guide- 
lines and then, in a manner to be determined by the working 
group, an oversight group will ensure that all who do this work are 
actually in compliance with the guidelines. 

We expect that the vast majority of applications will be mostly 
routine. That is, they will be applications to work with the existing 
cells that have been described and whose provenance is well under- 
stood. Any uncertainties will be referred to further public discus- 
sion and we will carry out annual reporting to Congress and the 
public about the status of the science, the number of investigators, 
and any change proposed for the guidelines. 

Before I conclude these remarks, let me just make a personal 
comment, that since I made my presentation to NBAC last week 
my staff and I have received many, many, thoughtful, interesting, 
perplexing questions. Let me just address two of those that I think 
will help inform our discussion. 

First, we have been asked, is not working with these stem cells 
like using stolen goods because some of them were derived from 
embryos in that embryo research is forbidden? No, no. It is not ille- 
gal to derive human pi uri potent stem cells. What is forbidden is 
the use of Federal funds to derive them from embryos. 

In this sense, it is like many legal activities for which Federal 
funding is not permitted. No Federal funds were used, no laws 
were broken, in producing these stem cells, and we have deter- 
mined that no laws would be broken if Federal funds are used to 
support work with them once they have been derived. 

The second question we frequently hear is, will not Federal fund- 
ing for human pluripotent stem cells create a demand to create ad- 
ditional human embryos? Again the answer is no. There are thou- 
sands of embryos, indeed probably tens of thousands of embryos. 
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that are frozen and discarded in the United States in vitro fertiliza- 
tion clinics each year because they are in excess of the number re- 
quired for successful treatment of infertility. 

In contrast, human pluripotent stem cells derived from very few 
embryos can be used by many investigators for hundreds of experi- 
ments because it is usually possible to keep these cells growing for 
many generations, that is for many cell doublings. 

PREPARED STATEMENT 

Furthermore, Federal guidelines that protect against coercion in 
the procurement of fetal tissue are likely to be emulated in the con- 
struction of our guidelines for work with human pluripotent stem 
cdls. 

Mr. Chairman, no doubt you and Senator Flarkin have other 
questions. I would be pleased to answer them now. Thank you very 
much. 

Senator Specter. Thank you very much. Dr. Varmus. 

[The statement follows:] 

Prepared Statement of Harold Varmus, M.D. 

I would like to thank you for the opportunity to discuss the recent decision by 
the Department of Health and Human Services concerning HHS funding for re- 
search utilizing human pluripotent stem cells. In testimony to this Subcommittee 
on December 2, 1998, I presented the exciting science of human pluripotent stem 
cells and described how the isolation of these cells could radically change the land- 
scape of biomedical research. At that time, the NIH was awaiting a legal opinion 
from DHHS to determine whether or not the NIH could fund research utilizing 
these cells. The legal opinion is now available and states that research utilizing 
human pluripotent stem cells can be supported with Federal funds. What then are 
the next steps? 

First, let me say that we understand and respect the different points of view that 
have been expressed about the important ethical and moral issues involved in this 
research. In developing the important safeguards that will govern funding for this 
research, NIH intends to consult with those representative of a broad range of 
views. We welcome the input of Congress as we move forward in this area. 

Today, I would like to very briefly review some features of human pluripotent 
stem cells— how they are derived and the promises they hold for medical research 
and practice. I will then describe the legal opinion and the plans for the develop- 
ment of guidelines and oversight that will be in place before NIH would fund re- 
search with these cells. We are committed to proceeding in a careful and deliberate 
manner that recognizes the ethical, societal, and scientific issues of this area of re- 
search. 

I refer you to my previous testimony for a fuller description of the scientific as- 
pects of this research. Stem cells are cells that have the ability to reproduce them- 
selves and to give rise to other more specialized types of cells. Totipotent stem 
cells— such as the product of fertilization of an ovum and its progeny— are stem cells 
that have total potency, which means that they have the ability to form an entire 
mature organism, eg., a human being, although only if placed in a woman's uterus. 
In contrast, human pluripotent stem cells, which are under discussion today, do not 
have total potency, and hence cannot form an entire organism under any known 
condition. But pluripotent stem cells can give rise to all of the different types of spe 
cialized cells in the body. 

The methodologies for deriving human pluripotent stem cells are not really new; 
pluripotent stem cells have been derived from mice since the early 1980s and, since 
then, from non-human primates and other animals. The first reports of deriving 
human pluripotent stem cells were published in November 1998 by Dr. John 
Gearhart and Dr. J ames Thomson. Neither of these investigations were supported 
with DHHS funds, although Dr. Gearhart's work could have been supported with 
Federal funds, because he and his colleagues derived human pluripotent stem cells 
from primordial gonadal tissue which was taken from a non-living fetus. Federal 
laws and regulations already exist that govern research on fetal tissue. Dr. Thomson 
and his co-workers derived pluripotent stem cells from the blastocyst stage of an 
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early embryo— the embryos used were donated by couples who were receiving Infer- 
tility treatment: this derivation of stem cells from the embryo does fall under the 
ban on Federal funding In the FI FI S/Labor/E ducat I on Appropriations BIN. The 
plurlpotent stem cells derived by each of these means appear to be very similar or 
Identical In structure, function, and potential; but It will take more research to 
verify this. 

The Isolation and culturing of human plurlpotent stem cells opens certain avenues 
of research for the first time. Let me mention just three potential applications of 
human plurlpotent stem cells. The first Is research focused on how stem cells dif- 
ferentiate Into specific types of cells. The goal Is to Identify the genetic and environ- 
mental signals that direct the specialization of a stem cell to develop Into specific 
cell types. Studying normal cell and tissue development will provide an under- 
standing of abnormal growth and development which. In turn, could lead to the dis- 
covery of new ways to prevent and treat birth defects and even cancer. 

A second and more practical application of research using these cells Is In phar- 
maceutical development. Use of human plurlpotent stem cells could allow research- 
ers to study the beneficial and toxic effects of candidate drugs In many different cell 
types and potentially reduce the numbers of animal studies and human clinical 
trials required for drug development. 

The third and most obvious potential application of these human plurlpotent stem 
cells Is to direct the specialization of the cells Into cells and tissues that could be 
transplanted Into patients for the purpose of repairing Injury and pathological proc- 
esses. A number of such examples are described In my December testimony, but two 
are worth mentioning here. 

(I) Transplantation of healthy heart muscle cells could provide new hope for pa- 
tients with heart disease. The hope Is to develop heart muscle cells from human 
plurlpotent stem cells and then transplant them Into the falling heart muscle In 
order to augment the function of the heart. Preliminary work In mice and other ani- 
mals has demonstrated that healthy heart muscle cells transplanted Into the heart 
successfully repopulate the heart tissue and Integrate with the host cells. These ex- 
periments show that this type of transplantation Is feasible. 

(II) In many Individuals with Type I diabetes, the production of Insulin In the pan- 
creas by specialized cells called Islet beta cells Is disrupted. There Is evidence that 
transplantation of either the entire pancreas or Isolated Islet cells could mitigate the 
need for Insulin Injections. Islet cell lines derived from human plurlpotent stem cells 
could be used for this critical research and, ultimately, for transplantation. 

Because human plurlpotent stem cells continue to replicate robustly, stem cells 
derived from a few embryos or from a few fetuses could potentially be used In hun- 
dreds of Individual research protocols. 

Briefly, that Is the science and the promise. We are here today to discuss the role 
of the Federal Government In the future of this area of research. 

There are a number of advantages to using public funding for research. Perhaps 
the most Important reason Is the fact that Federal Involvement creates a more open 
research environment— with better exchange of Ideas and data among scientists— 
more public engagement and more oversight. In addition. Federal support Increases 
the fiscal resources and expands the pool of talented Investigators— particularly In 
academia— both of which accelerate the tempo of scientific discovery. 

In response to the recent announcements concerning the Isolation of human 
plurlpotent stem cells, 1 requested an opinion from DFIFIS on the legality of using 
DFIFIS funds to support or conduct research that utilizes these cells. In light of ex- 
isting restrictions on human fetal tissue research and the amendment In our Appro- 
priations bill governing human embryo research. 

On J anuary 15, 1999, DFIFIS delivered the following opinion. DFIFIS funds can be 
used to support research utilizing human plurlpotent stem cells that are derived 
from human embryos: the statutory prohibition on human embryo research does not 
apply to research utilizing human plurlpotent stem cells because human plurlpotent 
stem cells are not embryos. The statute that bans the use of Federal funds for em- 
bryo research defines embryo as an organism derived by fertilization and other 
means. The statute does not, however, define organism. Therefore, the legal opinion 
relied on the broadly accepted science-based definition of organism: an Individual 
constituted to carry out all life functions. By this definition— and as you heard from 
all the witnesses that responded to that question at your hearing on this matter on 
December 2, 1999— plurlpotent stem cells are not and cannot develop Into orga- 
nisms. Therefore, human plurlpotent stem cells are not embryos and are not covered 
by this prohibition on Federal funding. In addition, the legal opinion states that 
DFIFIS funds can be used for research using human plurlpotent stem cells that were 
derived from fetal tissue If the existing laws and regulations governing fetal tissue 
research are obeyed. 
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Now that the legal opinion has been rendered, what are the next st^s? The ap- 
proach will be careful and deliberative, recognizing the Important ethical concerns 
that surround this area of research. I want to emphasize that Nl H will not use Fed- 
eral funds for research using human plurlpotent stem cells until guidelines and pro- 
cedures to oversee the research are developed. Let me describe the process that we 
have planned to ensure that any research Involving human plurlpotent stem cells 
Is appropriately and carefully conducted. And as I mentioned earlier, we are Inter- 
ested In hearing a broad range of views. 

First, all researchers currently receiving NIFI support have been notified, via the 
NIFI web site, that they cannot use DFIFIS funds to begin research using human 
plurlpotent stem cells until further notice. We have made every effort to Include this 
policy In all of our public statements. In addition, NIFI program staff have been re- 
quested to notify those grantees who are most likely to have an Interest In this work 
about this present policy. The Deputy Director for Intramural Research has also no- 
tified Intramural scientists of these requirements. 

Second, 1 will convene a subcommittee of the Advisory Committee to the Director 
(ACD) to develop Guidelines that specify what work using these cells can and can- 
not be supported with DFIFIS funds and outline restrictions on the use of such funds 
In the derivation of the cells. They will also be asked to develop an oversight mecha- 
nism to review research proposals seeking to conduct research utilizing these 
plurlpotent stem cells. The subcommittee will meet In public session and will be 
composed of scientists, the lay public, ethicists, and lawyers; former members of the 
Fluman Embryo Research Panel may be asked to participate. They will be asked to 
consider advice from the National Bioethics Advisory Commission (NBAC), the 
newly established Council of Public Representatives (COPR), the public, and the 
Congress. NIFI already has two thoughtful sets of Guidelines which will Inform 
these efforts— the 1994 Report of the Fluman Embryo Research Panel and the regu- 
lations regarding Research on Transplantation of Fetal Tissue (section 498A of the 
Public Flealth Services Act). Once developed. Guidelines for research utilizing 
human plurlpotent stem cells will be published In the Federal Register for public 
comment. We hope the Guidelines and oversight process will be operational within 
the next several months. 

In conclusion, the promise of human plurlpotent stem cell research Is great. And 
we are committed to addressing Important Issues surrounding this research In a de- 
liberative and careful process to ensure that this research Is conducted In an ethical, 
scientifically valid, and legal manner. 

This concludes my statement. I would be pleased to respond to any questions you 
may have. 


SUMMARY STATEMENT OF HARRIET RABB 

Senator Specter. Before yielding to my distinguished colleague, 
we are going to turn to Dr. Rabb. We appreciate your being here, 
Dr. Rabo. You served as General Counsel for the Department of 
Health and Human Services since May 1993, a very substantial 
tenure; former director of clinical education of Columbia Law 
School, vice dean of the law faculty in 1992. We appreciate your 
joining us and the floor is yours. Dr. Rabb. 

Dr. Rabb. Thank you. Senator. 

I wanted to spend the time today answering your questions, if I 
may. You have my legal opinion. It is available to you for any ques- 
tioning you would like to put to us. I felt we should save the time 
if you do not mind. 

Senator Specter. I understand you are waiving your opening 
statement? 

Dr. Rabb. If you do not mind. 

Senator Specter. Okay. Let me turn at this point to my distin- 
guished colleague. Senator Harkin. 

REMARKS OF SENATOR TOM HARKIN 

Senator Harkin. Thank you, Mr. Chairman. Again, thanks for 
holding this follow-up hearing. This is an area that captured my 
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imagination and I think it is one of the most exciting new realms 
that we have in science, that just holds so much promise. That is 
why I am just delighted that we got your decision, Dr. Rabb, on 
this that this research could proceed apace. 

I congratulate you. Dr. Varmus, on setting up the subcommittee 
to do this in a careful procedural, open way so that the public is 
aware of what we are doing. There is, as you know, a lot of concern 
about this. There are ethical considerations. I do not downplay 
those at all. As I have said before on many occasions, I believe that 
science, especially in this area, holds so much promise for alle- 
viating human suffering and debilitating disease that we have to 
move ahead aggressively, although, again as I have said, we have 
to be careful about the ethical considerations. 

I believe that scientists working with ethicists and lawmakers to- 
gether, getting good public input, I believe we can craft— I believe 
we have, I believe you have. Dr. Varmus. I think we have a great 
structure to this. 

As I understand it, your guidelines will be out in a couple of 
months. That was the first question I had, but you answered it. In 
a couple of months you will have these guidelines ready to go. I as- 
sume then that funding could then proceed after that, I would 
hope. 

Dr. Varmus. We will submit for public comment. Senator. We 
will submit for public comment, for 30 days of public comment. 

Senator Harkin. I see. I am just wondering. Do you have any 
idea right now— I am certain requests must be coming in as we sit 
here. 

Dr. Varmus. Yes, correct. 

Senator Harkin. What sort of backlog do you see out there, re- 
quests coming in for this kind of thing? 

Dr. Varmus. Well, I have only indirect information. Recall that 
there will be three ways at least to support this research. Some in- 
vestigators already have grants and they may be working in this 
general area, but want to shift their emphasis to work with human 
stem cells. There will be others who may want to supplement exist- 
ing grants by a small research application. Others may want to ini- 
tiate a new grant. In addition, we have intramural investigators 
who may be interested. 

The only way we have to gauge the level of interest at this point 
is to ask Doctors Thomson and Gearhart, who have made these cell 
lines, how many requests they have received. We know they have 
received on the order of 50 to 100 requests from various investiga- 
tors for these cells to be worked with. But the investigators have 
been informed that at this point NIH funding is not to be used 
until we have our procedures in place. We hope, as I say, that that 
will be within the next few months. 

Senator Harkin. Well, I appreciate that. Again, I am grateful for 
your opening statement in terms of addressing head-on this issue 
of encouraging the creation of embryos. I have heard a lot about 
that. But as you point out, because of in vitro fertilization we have 
a lot of those, plus the fact that the cells can continue on. So I do 
not think there is any problem there at all. I am happy that you 
addressed that issue. 



125 


I just, I guess I have less than a question. I just encourage you, 
Dr. Varmus— I do not think you nera any encouragement in this 
area, but— to really push ahead in it. I mean, the more reading I 
do on this— I am not a scientist, but the more reading I do on this, 
this holds so much promise, and it could be in not too long a time 
for people suffering from Parkinson's or heart disease, just under- 
standing cancer cell biology for example, things like that, that we 
just have not had that grasp on right now. 

I just again hope that you will proceed apace and keeping in 
mind the guidelines, the need for public input and openness, eth- 
ical guidelines. All that taken into account, I just hope you will do 
ever;^hing you can to get the funding out to the researchers. If we 
need to do anything here in the subcommittee— I know Senator 
Specter has gotten us a whole lot more money to put into medical 
research this year. So if you need any more of that money, we can 
maybe help out. 

I am putting you in a tough spot. But I hope we can get more. 
We are working together on that. I think the budget from the ad- 
ministration is going to be woefully inadequate to meet the needs 
that we have out there and I am hopeful that we can get more. 

So any information that you have on the need for this for the 
members and our responsibilities here for funding, I encourage you 
to let us know. 

Dr. Varmus. I will do that. Senator. Thank you. 

Senator Harkin. Thank you. Dr. Varmus. 

Thank you. Dr. Rabb, for the issuing of the opinion in a timely 
manner. 

Senator Specter. Dr. Varmus, I begin with a baseline question. 
J ust what is the extent of the potential, in your professional opin- 
ion, from the stem cells? We have heard very extraordinary com- 
ments about potential on Alzheimer's and Parkinson's and diabe- 
tes, cancer, heart ailments, a whole range of human medical prob- 
lems. You are the great expert. Director of NIH. Is that potential 
accurately stated? 

Dr. Varmus. Well, no doubt, as in all realms of discussion of this 
topic, there may be some hyperbole. But much of it is in my view 
accurate. We have experience with similar work done in experi- 
mental animals, for example in mice, and we know that it is pos- 
sible— we have had a long experience now, nearly 18 years or so, 
working with the parallel types of cells, pluripotent stem cells from 
mice, and we know that those cells can be induced to differentiate 
into certain kinds of cells and those cells can be used to replenish 
diseased or impaired or missing cells in mouse models of disease, 
that the prospects for repairing damaged hearts and treating con- 
gestive heart failure, for example, for returning missing compo- 
nents of the blood system, are all very real. 

There will be difficulties in treating more complex diseases, like 
Alzheimer's. I do not think we should minimize the challenge there. 
However, in conditions like diabetes, where we know one specific 
type of cell is missing and that that cell produces a product which 
circulates in the body, I think the prospects are great. 

As I emphasized last time, there are two major impediments to 
using these cells in cell therapy. One is that we have a still very 
limited idea of how to take mass cultures of these cells and direct 
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them efficiently into one cell lineage. But that information will 
come as we study the way in which these cells undergo their 
changes in program that allows them to select a cell type to be- 
come. 

The second problem is one of rejection, histocompatibility, the 
classic problem in transplantation. We know that those problems 
may be at different levels of severity with different tissues. We also 
know that there are ways to manipulate cells in culture to make 
them seem less foreign to the host. 

Furthermore, there are new methodologies that are in develop- 
ment that could obviate these problems in other ways, for example 
by using our understanding of how cells work and their apparent 
plasticity to take one kind of cell from the patient himself or her- 
self and to remodel that cell to make it able to replace diseased or 
absent tissue. 

Senator Specter. Dr. Varmus, you say that diabetes— you single 
that out as one which is closer to solution. I know from time to 
time we press you unduly as to a time frame, maybe not unduly 
but we press you, because that is a very strong argument with our 
colleagues to get additional funding if you can put it in a time 
frame. 

Could you give us a ballpark figure as to, say diabetes, when this 
research might produce the cure? 

Dr. Varmus. Well, as you know. Senator, I tend to be more con- 
servative than some of my colleagues in making these predictions. 
But in the case of type one diabetes, where we know that replen- 
ishment of the beta cell, of the Islets of Langerhans in the pan- 
creas, does have an important positive effect in some patients who 
have been treated, for example, with pancreatic transplantation. 

In that setting, where we know what we need to do, the major 
challenge is to figure out a way to make a pi uri potent cell become 
a beta cel I . 

Senator Specter. Could you give us a ballpark figure as to how 
long? 

Dr. Varmus. I would say certainly no sooner than 5 years, but 
beyond that I am guessing. 

Senator Specter. Let me ask you now about when these guide- 
lines will be out and when you will be able to start using funds for 
research. You have a whole series of preliminaries, the special 
guidelines, the oversight group, additional guidance from the Na- 
tional Bioethics Advisory Board, a comment period. 

When? I approach this question with a sense of urgency because, 
and I do not think it is hyperbole to say, that every day lost human 
lives are lost. So when? 

Dr. Varmus. I share your concern. Senator. But I do think it is 
important to have an open and fair process because of the many 
concerns that are felt and the feeling that the public and Congress 
want to have a chance to express their opinions. 

I am currently assembling the group that will work with us to 
establish the guidelines. In the case of the existing cell lines, the 
cell lines that have been made, reported, we know all the details 
about how the tissues were obtained, I think it is going to be very 
straightforward. We have a legal opinion, we have the human em- 
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bryo research panel guidance, we have regulations with regard to 
fetal tissue research that are very useful. 

I believe that in the course of the next couple of months a clear 
set of guidelines governing work on those cells can be generated. 

I have asked Dr. Shapiro, the chairman of the National Bioethics 
Advisory Commission, if they would attempt to give us some pre- 
liminary information about this specific issue in the course of their 
larger evaluation of embryo research in general. 

I hope we will have our guidelines out for public comment within 
a couple of months. There will be a 30-day public comment period. 
At that point we can begin to allow our investigators to use Federal 
funds. 

Senator Specter. You say a couple of months, to April 1, and a 
30-day comment period, and then that brings us to May 1? 

Dr. Varmus. Now, I do not want to prejudge exactly how my ad- 
visory committee will do its work and I do not know exactly how 
they will segregate the different domains of research, because they 
may find that some things are very cut and dried and we can move 
very quickly and that other issues, for example what to do in re- 
sponse to another set of cell lines 

Senator Specter. Dr. Varmus, we understand you have the prob- 
lems and we are pressing on the date so we can figure out the time 
parameters and we know how to respond. We do not want to sched- 
ule the next hearing prematurely. 

My red light is on. Let me yield to Senator Harkin. 

Senator Harkin. I just wanted to just follow up on one thing. 
Getting back to the time frame on how things work out, when can 
we expect results? For 23 years I have served on committees in the 
House and the Senate that deal with the National Science Founda- 
tion and now NIH. It has been my experience through those years 
that when you are dealing in basic research— and this is sort of 
basic and applied; there is kind of a fuzzy boundary here on this 
one— that sometimes you put a time frame, but sometimes ser- 
endipitous things happen in science. But they will not happen un- 
less you start moving down the pathway. 

So you can talk about 5 years or something, but you never know. 
Maybe in a year from now or something some scientist working 
someplace, something happens and you come up with something. 
That is why I think it is so important to move ahead aggressively 
in this because, like I say, you never know. 

I just wanted to make that point, that a lot of times in science 
things just happen like that. 

Dr. Varmus. Well, I appreciate being castigated for my conserv- 
ative position. I am usually thought of as too impetuous, so I ap- 
preciate your comments. Senator. 

Senator Harkin. Thank you. Dr. Varmus. 

Senator Specter. We are going to ask you to stay with us. Dr. 
Varmus and Dr. Rabb. 

I had announced at the outset that there are caucuses at 10 
o'clock, at least a Republican caucus at 10 o'clock. Yours too? 

Senator Harkin. Yes. 

Senator Specter. Also with Senator Harkin, the caucus of the 
Democratic Senators. 
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We are going to move now to panel two. We are going to conclude 
the hearing by 10 a.m. We have not gotten Dr. Rabb into the defi- 
nitions, but we do have your very learned opinion, and if you would 
stand by for some dialog and questions and answers. 

SUMMARY STATEMENT OF DR. ERIC MESLIN 

We would like to call now Dr. Eric Meslin and Mr. Richard 
Doerflinger. Dr. Meslin is the executive director of the National 
Bioethics Advisory Commission and received his bachelor of arts 
degree from York University, Toronto, M.A. and Ph.D., in bioethics 
and philosophy at the Kennedy Institute of Ethics at Georgetown 
University, and author of some 35 academic articles and book chap- 
ters and peer reviewed literature. 

We welcome you here. Dr. Meslin, and look forward to your testi- 
mony. As I say, the clocks are set at 5 minutes to leave maximum 
time for questions and answers. 

Dr. Meslin. Thank you very much. Senator, and good morning. 
Good morning to you. Senator Harkin. 

I was privileged to appear before your subcommittee on Decem- 
ber 2nd to offer some brief remarks on the subject of human stem 
cells research. At that hearing, Mr. Chairman, I informed the sub- 
committee that in his November 20 letter to President Clinton the 
NBAC chair. Dr. Harold Shapiro, addressed only the immediate 
issue of the purported experiment involving the fusion of a cow egg 
and a human cell and that NBAC would devote a majority of its 
next meeting to the broader issues raised by President Clinton in 
his November 14 letter to the commission, namely that NBAC un- 
dertake a thorough review of the issues associated with human 
stem cells research, balancing all ethical and medical consider- 
ations. 

j ust this past week NBAC met for the 26 time since being estab- 
lished by President Clinton. The commission devoted the entire 
day, j anuary 19, to the topic of human stem cells research, hearing 
testimony from a number of leading scientists, bioethicists, 
theologians, legal scholars, and the public. The purpose of this 
meeting was to provide NBAC with a deeper understanding of the 
ethical, scientific, legal, medical and policy issues that are raised 
by this important area of research. 

While the commission did not reach any immediate conclusions 
at that meeting, nor were they expecting to, it may be helpful to 
describe the range of issues that were discussed and then to de- 
scribe our timetable for completing this report since I understand 
how important it is to you. 

In our view, an understanding of the legal status regarding the 
use of Federal funds to conduct human stem cells research provides 
an important context for fully understanding the ethical issues. At 
our recent meeting we were very interested to learn of the Office 
of the General Counsel's— that the Office of the General Counsel 
has rendered an opinion regarding whether Federal funds may be 
used for research conducted with human pluripotent stem cells. 

We are planning to carefully review this opinion as quickly as 
possible since it provides one of the many pieces of valuable infor- 
mation we will rely on to fully address the bioethical issues in- 
volved in this area of research. 
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I n testimony before us, M r. Chairman, we heard some compelling 
arguments in favor of permitting research on human stem cells, 
based principally on the very promising results of previous animal 
studies. Several beneficial uses of these cells are anticipated and 
you have heard those from Dr. Varmus already. 

It was also clear that a number of important scientific issues 
must be resolved before any actual therapies can be developed or 
tested in human beings. These include how to specifically direct 
stem cells to differentiate into specific types such as cardiac, mus- 
cle, or nerve cells, how to overcome the problem of immune rejec- 
tion of such transplanted tissue, and other items. 

We also heard some words of caution and objection to all forms 
of research involving the human embryo, the human fetus, or the 
cells or tissues derived from these sources respectively. Some of 
these concerns related to the potential for complicity in the use of 
cells derived from spare or excess embryos. Other concerns related 
to more fundamental objections to the use of human fetal or embry- 
onic material irrespective of their source or potential for benefit. 

Mr. Chairman, the focus of the NBAC effort is to develop sound 
public policy proposals based on appropriate scientific, medical, 
ethical, and legal considerations. In this respect, we hope to use the 
experiences from a number of former deliberative bodies. As with 
all NBAC reports, our deliberations, agendas, transcripts, and 
working papers will be available on our website. 

In reviewing a working draft outline of the report prepared by 
my staff, the commission at its meeting expressed a strong interest 
in developing a report that was focused on a set of answerable and 
timely questions, but that would also be able to anticipate certain 
issues. The specific issues our report will address are now being de- 
veloped for NBAC's consideration, but they will likely focus on 
some of the following points: 

Is there an ethically relevant distinction between research using 
human stem cells derived from fetal material versus research using 
human stem cells obtained from existing embryos? 

How should considerations about the source of human stem cells 
be incorporated into the analysis? 

Is it ethically acceptable to produce new human embryos as a 
source of stem cells for research? 

Finally, what is the appropriate role of the Federal Government 
in overseeing research of this kind? 

NBAC would hope that one of the results of its deliberations on 
this topic would be to identify the bioethical issues that ought to 
be considered when supporting such research or developing guide- 
lines for reviewing research in this area. 

Now let me say a word about our timetable. As you know, Mr. 
Chairman, NBAC is subject to the Federal Advisory Committee 
Act, which you helped cosponsor. This requires that we conduct all 
of our business in public and come to conclusions in public. This 
means that any commission decisions, be they interim conclusions 
or final recommendations, can only occur at NBAC meetings. 

We are committed to completing this report by j une 1999 or 
thereabouts, so NBAC and its staff have mobilized to work as expe- 
ditiously as possible. Additional meetings have now been sched- 
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uled. In fact, we will be meeting next Tuesday and Wednesday, 
February 2 and 3, in Princeton, NJ , and monthly thereafter. 

PREPARED STATEMENT 

I should note, however, that the commission is also preparing for 
the possibility of being able to provide to the President conclusions 
on certain issues within the next few months. We are keenly aware 
of NIH's interest in moving forward with human stem cell research 
and Dr. Shapiro has already indicated to Dr. Varmus separately 
that if NBACreaches any interim conclusions they will be shared 
with NIH and others after they are transmitted to the President. 
Naturally, Mr. Chairman, we will be pleased to provide you and 
your staff with an update on our work as it proceeds. 

I would be pleased to answer any questions you may have. 
Senator Specter. Thank you very much. Dr. Meslin. 

[The statement follows:] 

Prepared Statement of Eric M. Meslin, Ph.D. 

Good morning Mr. Chairman and members of the subcommittee, my name is Eric 
Mesiin, I am Executive Director of the Nationai Bioethics Advisory Commission. 

I was priviieged to appear before your subcommittee on December 2, 1998 to offer 
some brief remarks on the subject of human stem celi research. At that hearing, 
Mr. Chairman, I informed the subcommittee that in his November 20th ietter to 
President Ciinton, the NBAC Chair, Dr. Harold Shapiro, addressed oniy the imme- 
diate issue of the purported experiment involving the fusion of a cow ^g and a 
human cell, and that NBAC would devote a majority of its next meeting to the 
broader issue raised by President Clinton in his November 14, 1998 letter to the 
Commission, namely that NBAC "undertake a thorough review of the issues associ- 
ated with . . . human stem cell research, balancing all ethical and medical consid- 
erations." 

J ust this past week NBAC met for the 26th time since being established by Presi- 
dent Clinton. The Commission devoted the entire day, J anuary 19, to the topic of 
human stem cell research, hearing testimony from a number of leading scientists, 
bioethicists, theologians, legal scholars, and the public. The purpose of this meeting 
was to provide NBAC with a deeper understanding of the ethical, scientific, legal, 
medical, and policy issues that are raised by this important area of research. While 
the Commission did not reach any immediate conclusions— nor were they expecting 
to— it may be helpful to describe the range of issues that were discussed, and then 
to describe our timetable for completing this report. 

In our view an understanding of the legal status regarding the use of federal 
funds to conduct human stem cell research provides an important context for fully 
understanding the ethical issues. At our recent meeting, NBAC was interested to 
learn that the Office of the General Counsel of the Department of Health and 
Human Services has rendered an opinion regarding whether federal funds may be 
used for research conducted with human pluripotent stem cells derived from em- 
bryos created by in vitro fertilization or from primordial germ cells isolated from the 
tissue of non-living fetuses. We are planning to carefully review this opinion since 
it provides one of the many pieces of valuable information we will rely on to fully 
address the bioethical issues involved in this area of research. 

In testimony before us, we heard some compelling arguments in favor of permit- 
ting research on human stem cells, based principally on the very promising results 
of previous animal studies. Several beneficial uses of these cells are anticipated, in- 
cluding: understanding basic and developmental biology: the development of trans- 
plantation therapies for the treatment of diseases such as Parkinson's disease and 
diabetes: the discovery of new drugs: and the study of infertility and birth defects. 

It was also clear that a number of important scientific issues must be resolved 
before any actual therapies can be developed or tested in human beings. These 
issues include: how to specifically direct stem cells to differentiate into specific 
types, such as cardiac muscle or nerve cells: how to overcome the problem of im- 
mune rejection of such transplanted tissue: and how stem cells derived from fetal 
primordial germ cells (KG cells) differ from stem cells derived from embryonic 
sources (ES cells), and whether these differences have any functional importance. 
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We also heard some words of caution, and objection to all forms of research involv- 
ing the human embryo, the human fetus, or the cells or tissues derived from these 
sources respectively. Some of these concerns related to the potential for complicity 
in the use of cells derived from spare or "excess" embryos. Other concerns related 
to more fundamental objections to the use of human fetal or embryonic material, 
irrespective of their source or potential for benefit. 

The focus of the NBAC effort is to develop sound public policy proposals based 
on appropriate scientific, medical, ethical, and legal considerations. In this respect, 
we hope to use the experiences from former deliberative bodies including the Na- 
tional Commission for the Protection of Human Subjects of Biomedical and Behav- 
ioral Research, the DHHS Ethics Advisory Board, the Fetal Tissue Transplantation 
Research Panel, and the NIH Director's Embryo Research Panel. We will also be 
contacting a variety of public, professional, scientific and other organizations seek- 
ing their views on these issues. And, as with all NBAC reports, our deliberations, 
agendas, transcripts and working papers will be available on our website at 
www.bioethics.gov. 

In reviewing a working draft outline of the report prepared by my staff, the Com- 
mission expressed an interest in developing a report that was focused on a set of 
answerable and timely questions, but that would also be able to anticipate certain 
issues. The specific issues our report will address are now being developed for 
NBAC's consideration, but they will likely focus on some of the following points: 

—Is there an ethically relevant distinction between research using numan stem 
cells derived from fetal material vs. research using human stem cells obtained 
from existing embryos? 

—How should considerations about the source of human stem cells be incor- 
porated into the analysis? 

—Is it ethically acceptable to produce new human embryos as a source of stem 
cells for research? 

—What is the appropriate role of the federal government in overseeing research 
of this kind? 

NBAC would hope that one of the results of its deliberations on this topic would 
be to identify the bioethical issues that ought to be considered when supporting such 
research, or developing guidelines for reviewing research in this area. 

Now let me say a word about our timetable. As you know, Mr. Chairman, NBAC 
is subject to Federal Advisory Committee Act (1972) which requires that we conduct 
all of our business in public, and come to conclusions in public. This means that 
any Commission decisions— be they interim conclusions or final recommendations— 
can only occur at NBAC meetings. We are committed to completing this report by 
J une 1999, or thereabouts, so NBAC and it staff have mobilized to work as expedi- 
tiously as possible. Additional meetings have been scheduled— we will be meeting 
next week, February 2-3, in Princeton, New Jersey, and monthly thereafter. I 
should note, however, that the Commission is preparing for the possibility of being 
able to provide to the President conclusions on certain issues within the next few 
months. We are aware of NIH's interest in moving forward with human stem cell 
research, and Dr. Shapiro has indicated to Dr. Varmus that if NBAC reaches any 
interim conclusions they will be shared with NIH and others after they are trans- 
mitted to the President. Naturally, Mr. Chairman, we will be pleased to provide you 
and your staff with an update on our work as it proceeds. 

I would now be pleased to answer any questions you may have. 

SUMMARY STATEMENT OF RICHARD M. DOERFLINGER 

Senator Specter. We now turn to Mr. Richard Doerflinger, asso- 
ciate director for policy development at the Secretariat for Pro-Life 
Activities, National Conference of Catholic Bishops. Welcome, Mr. 
Doerflinger. We appreciate your coming back, and the floor is 
yours. 

Mr. Doerflinger. Thank you, Mr. Chairman. 

I want to begin by noting that a point I made in my December 
2d testimony on this same matter has received new support from 
recent events. Since then two startling scientific breakthroughs 
have made it even more clear that destructive embryo research is 
unnecessary. Advances in the use of telomerase to promote regen- 
eration of human tissues and the new discovery that adult stem 
cells may be far more versatile than was once thought offer the 
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promise that embryonic stem cells may simply be irrelevant to fu- 
ture medical progress. 

At the December 2d hearing Dr. Varmus noted that, while adult 
stem cells can be obtained from bone marrow, cord blood, and so 
on, they are of limited use compared to embryonic cells because 
they cannot form other kinds of tissues such as nerve and skin. 
The most recent issue of "Science" suggests that this judgment may 
well have been premature, that in fact stem cells at a later stage 
of development can cross over these boundaries and be adapted to 
perform the use of any different kind of cell. 

This subcommittee has now held three hearings on one narrow 
avenue of research, precisely the avenue that raises the most obvi- 
ous moral and legal problems, so far to the exclusion of all other 
alternatives, even when those avenues may be more promising. The 
use of adult stem cells, for example, is said to promise the complete 
avoidance of the tissue rejection problems that Dr. Varmus has 
noted still need to be solved using embryonic cells. 

I would urge the subcommittee to expand its vision, to explore 
the alternatives that will advance medical progress and the 
wellbeing of patients without demeaning human dignity. 

Turning now to the legal memorandum prepared by the Depart- 
ment of Health and Human Services, in its effort to find that Fed- 
eral funding of embryonic stem cell research is consistent with 
Congressional intent HHS has overlooked some rather obvious 
facts and created its own arbitrary definition of a human embryo 
and, even more striking, of a human being that have no basis in 
biology or Federal law. 

First looking at current laws on embryo and live fetal research. 
HHS now claims that current law on embryo research does not 
pose a barrier to embryonic stem cells research because the law 
protects only the embryo, which is an organism, and a stem cell, 
obtained by destroying embryos, is not an organism. HHS even 
cites me on this point. 

But they ignore other parts of my testimony and, more impor- 
tantly, ignore two important aspects of current law. First, as I 
noted on December 2nd, there is a factual uncertainty as to exactly 
what happens to the stem cells that Dr. Gearhart ofj ohns Hopkins 
University has cultured from fetal germ cells after abortions. 

After being cultured, some of these stem cells have a tendency 
to come back together and show signs of developing as an early em- 
bryo. Whether the formation of early embryos does take place in 
such a culture and whether that can be prevented by adapting the 
research is a scientific question, cannot be answered by attorneys. 
A stem cell is not an organism, but the possibility must be explored 
that groups of stem cells may recongregate in some of this research 
to form an entity that is, however briefly, a living organism, in 
which case this research could not be funded. 

HHS seeks to avoid this factual inquiry by inventing its own nar- 
rower definition of an embryo, which is not found in Federal law. 
Such an entity, HHS argues, cannot be an embryo because, even 
if implanted in a womb, it could not become a "human being." 
Oddly enough, the key phrase "human being" is not defined, but 
from the context it seems to refer to a live-born infant. In Dr. 
Varmus' testimony, I noted he said a human being is a mature or- 
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ganism. So I am beginning to wonder whether my 6 year old son 
qualifies. 

Embryology textbooks, however, tell us that in biological terms 
to embryo is a human being, and the current Federal law treats 
the embryo as a human subject. Since 1975, it has treated the 
human embryo as a human subject, to be protected from harmful 
research from implantation onwards, and the current embryo re- 
search rider is intended to extend that protection back before im- 
plantation, to the embryo in the laboratory. 

Second, HHS seems to misread the embryo research rider itself 
rather obviously by saying that this research can be funded as long 
as Federal funds are not used for the actual destruction of the em- 
bryo. They can be used for all subsequent work with the stem cells 
so derived. 

But Congress knows how to write a rider that says you simply 
cannot use Federal funds for that act. It wrote the rider that way 
when it dealt with creation of human embryos. It said Federal 
funds cannot be used for creation of embryos. Then it said Federal 
funds cannot be used for research in which a human embryo or em- 
bryos are destroyed or discarded or subjected to risk of harm. Obvi- 
ously, that means if this is an integral part of the research pro- 
tocol, even if it is not directly funded by Federal funds, the destruc- 
tive harvesting of embryos is not supposed to be something that is 
part of a research project funded by Congress. 

Finally, FI FIS ignores the possibility that the fetal tissue trans- 
plantation guidelines now in law apply also to the destruction of 
embryos in the laboratory. The statute clearly says that it covers 
tissue derived from embryos or fetuses, and it only allows the use 
of that tissue if the subject was dead before the tissue was obtained 
and only if the destruction was not altered in its method or timing 
by the needs of the research. 

Well, in all of the research in which embryos are destroyed here, 
the destructive process is geared exactly toward obtaining usable 
research tissue and toward nothing else. When embryos are dis- 
carded in an IVF clinic, they do not use immunosurgery to dissect 
the inner cell mass from the trocoblast. They simply throw them 
away. Everything about the harvesting procedure is altered to ob- 
tain usable tissue, and it is the harvesting procedure that is itself 
the abortion or the destruction. 

PREPARED STATEMENT 

In conclusion, if Congress wishes to insulate its funding of med- 
ical advances from the destruction of innocent life, there is a very 
simple way to do just that. It should devote its funds to stem cells 
techniques and other promising avenues of research that in no way 
depend upon such destruction. In that way our government will 
truly serve all the people by showing that it will not promote the 
destruction of one human being to serve another or the develop- 
ment of treatments that millions of Americans would find it mor- 
ally abhorrent to use. 

Thank you. 

[The statement follows:] 
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Prepared Statement of Richard M. Doerflinger 

I am Richard M. Doerflinger, Associate Director for Policy Development at the 
Secretariat for Pro-Life Activities, National Conference of Catholic Bishops. I am 
grateful for the opportunity to present the Catholic bishops' concerns about efforts 
to justify the use of cells from deliberately destroyed human embryos in federally 
funded research. 

I must begin by noting that a point I raised in my December 2 testimony before 
this subcommittee has received new support from recent events. I said then that the 
goals some wish to serve by killing human embryos for their stem cells can be 
achieved in other, morally acceptable ways. Even at that time, one of the advances 
cited by supporters as a future benefit of embryo research— the ability to grow new 
blood vessels in the heart— was already in clinical use in human patients with no 
need for embryonic cells.^ In the six weeks that have elapsed since then, however, 
two startling scientific breakthroughs have made it even more clear that destructive 
embryo research is unnecessary. The use of telomerase to promote regeneration of 
human tissues,^ and the new discovery that adult stem cells may be far more 
versatile than was once thought,^ offer the promise that embryonic stem cells may 
simply be irrelevant to future medical progress. 

At the December 2 hearing, responding to our proposed list of promising alter- 
natives to embryonic stem cell research. National Institutes of Health director Har- 
old Varmus said that while adult stem cells can be obtained from bone marrow, cord 
blood and so on, they are of limited use because they cannot form other kinds of 
tissue such as nerve and skin. The most recent issue of Science suggests that this 
judgment was premature. 

This subcommittee has now held three hearings on one narrow avenue of re- 
search— precisely the avenue that creates the most obvious moral and legal prob- 
lems— to the exclusion of all other alternatives, even when those avenues may be 
more promising. I urge the subcommittee to expand its vision, to explore the alter- 
natives that will advance medical progress and the well-being of patients without 
demeaning human dignity. 

I would liketoturn now to the legal memorandum prepared by the General Coun- 
sel of the Department of Health and Human Services ("HHS memo"). In its effort 
to find that federal funding of embryonic stem cell research is consistent with con- 
gressional intent, HHS has overlooked some obvious facts, and created its own arbi- 
trary definition of a human embryo that has no basis in biology or federal law. 

Specifically, the HHS memo ignores key aspects of the current appropriations 
rider on embryo research (Section 511 of the Labor/HHS appropriations bill for fis- 
cal year 1999), statutory and regulatory provisions on live fetal research (42 U.S.C. 
§289g: 45 CFR §46.201 ff.), and statutory law on fetal tissue transplantation re- 
search (42 U.S.C. §289g-l). 

Laws on Embryo Research and Live Fetal Research 

HHS claims that current law on embryo research does not cover embryonic stem 
cell research, because the law protects only the embryo, which is an "organism"— 
and a stem cell obtained by destroying an embryo is not an "organism." HHS even 
cites my December 2 testimony for the proposition that a stem cell is not an orga- 
nism— but the authors overlook other parts of my testimony. More importantly, they 
ignore two important aspects of current law. 

(1) Distorted definitions of "embryo” and “human bang."- First, as I noted on De- 
cember 2, there is some uncertainty about the status of the cells that Dr. Gearhart 
of J ohns Hopkins University has cultured from fetal germ cells after abortions. After 
being cultured, some of these stem cells may have a tendency to come back together 


J-See: 'Technique grows new heart vessels," MSNBC Health, 11/9/98; "Injected Genes Help 
Grow Heart Bypasses," Washington Post, 11/10/98, A3. 

^C, Morales et al., "Absence of cancer-associated changes in human fibroblasts immortalized 
with telomerase," 21 Nature Genetics 115-8 (| anuary 1999); see comments in Ruth Larson, "Sci- 
entists find new life for old cells," Washington Times, 12/29/98, Al. 

3C. Bjornson et al., 'Turning Brain into Blood; A Hematopoietic Fate Adopted by Adult Neu- 
ral Stem Cells in Vivo," 283 Science 534-7 (22 J anuary 1999). See comments in; Evelyn Strauss, 
"Brain Stem Cells Show Their Potential," 283 Science 471 (22 J anuary 1999); Paul Recer, "Pa- 
tient's Cells May Grow New Organs," Associated Press, 1/21/99 ("If such a technique also 
worked in humans, embryos may not be needed for such research"); Nicholas Wade, "Cell Exper- 
iment Offers Hope for Tissue Repair," New York Times, 1/22/99, A21 (the technique avoids the 
"ethical considerations" arising from embryonic cells, as well as the "immune rejection problems" 
they can pose); Lee Bowman, ‘"Master cells' offer repair kits," Washington Times, 1/22/99, A9 
("it could mean that stem cells don't have to come from embryos to generate specialized cells"). 
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and develop as an early embryo. Whether the formation of early embryos takes 
place In such a stem cell culture, and whether It can be prevented, Is a scientific 
question. It demands a scientific answer, before federal funds are spent on the re- 
search— because these funds by law cannot be used, even Inadvertently, to create 
embryos which briefly develop and then die In culture. In other words, a stem cell 
Is not an organism— but the possibility must be explored that groups of stem cells 
may recongregate to form an entity that Is, however briefly, a living organism. 

HHS seeks to avoid this factual Inquiry by Inventing Its own definition of an "em- 
bryo"— a definition with no basis In science or law. Such an entity, HHS argues, 
could not be an embryo because, even If Implanted In a womb. It could not become 
a "human being." The phrase "human being" Is left undefined, but from the context 
It seems to refer solely to a llveborn Infant. 

Is "human being" intended here as a scientific term? Clearly not, since embryology 
textbooks tell us that in biological terms, the embryo is a human being.^ Even the 
NIH’s Human Embryo Research Panel, whose recommendations for federal funding 
of embryo experiments were found morally unacceptable by President Clinton and 
Congress, called the early embryo "a developing form of human life."® 

Is it, then, a legal term? No, since the phrase "human being" is not used in this 
part of federal law. I nstead, since 1975, federal regulations have defined the human 
embryo, from implantation in the womb onward, as a "human subject" to be pro- 
tected from harmful experiments, regardless of whether it is expected to survive to 
live birth. Current law on fetal research explicitly demands that a fetus to be 
aborted have the same protection as the fetus intended for live birth (42 U.S.C. 
§289g(b)). 

Moreover, federal law on fetal tissue refers to the use of tissue from embryos and 
fetuses after a "spontaneous or induced abortion" or a stillbirth (42 U.S.C. §289g- 
1(g)). The HHS memo's definition would make this provision self-contradictory: A 
fetus that has spontaneously aborted did not have the ability to become what HHS 
calls a "human being," and so (by the HHS approach) cannot be called an "embryo" 
or "fetus" at al I . 

The current appropriations rider on embryo research is crystal clear. To deter- 
mine whether an entity is an "embryo" we need only determine whether it is a liv- 
ing organism here and now (Section 511 (b)). Section 511 says nothing about re- 
stricting this term to embryos that can be shown to have the "potential to develop" 
to live birth. In any case, testing an embryo's ability to become a born "human 
being" is clearly impossible once one has used such a definition tojustify destroying 
that embryo in the laboratory. 

HHS's strange and arbitrary digression on the phrase "human being" does not 
serve the goal of understanding federal law, but the very different goal of justifying 
harmful experiments. Some researchers have actually offered to engineer lethal de- 
fects in advance into the embryos they create and destroy with federal funds— so 
that one could argue that these embryos would never become "human beings" and 
so are exempt from current law.® 

Moreover, at this subcommittee's J anuary 12 hearing, the theory was offered that 
unwanted or frozen embryos from fertility clinics can ethically be used for destruc- 


‘*ln Dr. Gearhart's experiment, "embryoid bodies" had formed "compiex structures" in cuiture 
"doseiy resembiing an embryo during eariy development"; these structures "appear to recapitu- 
late the normal developmental processes of early embryonic stages and promote the cell-cell 
interaction required for cell differentiation." M. Shamblott et al., "Derivation of pluripotent stem 
cells from cultured human primordial germ cells," 95 Proceedings of the National Academy of 
Sciences 13726-13731 (November 1998) at 13726, 13729. These remarks were cited in my De- 
cember 2 test! mony, at note 13. 

^See: Keith Moore and T.V.N. Persaud, The Developing Human: Clinically Oriented Embry- 
ology (W.B. Saunders 1998)(6th edition), p. 2 ("A zygote is the beginning of a new human 
being"); T.W. Sadler, hangman's Medical Embryology (Williams and Wilkins 1995)(7th edition), 
p. 3 ('The development of a human being begins with fertilization"); William J . Larsen, Human 
Embryology (Churchill Livin^tone 1997)(2nd edition), p. 1 ("the male and female sex cells or 
gametes . . . will unite at fertilization to initiate the embryonic development of a new indi- 
vidual"). 

^National Institutes of Health, Report of the Human Embryo Research Panel (November 
1994), 2. 

"Human subject," in turn, is defined as a "living individual" subjected to research (45 CFR 
§46.102(0); Subpart B of Part 46 provides special protections for fetuses as human subjects. 
"Fetus" includes "the product of conception from the time of implantation" (45 CFR §46.203(c)). 
Through appropriations riders. Congress since 1995 has extended this same protection to all 
human embryos not previously protected as human subjects. 

s'The goal is to create a developing mass of mostly human cells that's crippled enough to pre- 
vent its development into a person, yet healthy enough during the first week of existence to 
produce the crucial 'stem cells' that scientists want to collect." Rick Weiss, "Can Scientists By- 
pass Stem Cells' Moral Minefield?", Washington Post, 12/14/98, A3. 
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tive research, because in any case they would not have produced a "human life." 
This did not refer to any defect in the embryos, but simply to the fact that parents 
have chosen not to let them survive. Such an approach makes a mockery of the cur- 
rent law, which was intended to protect such "spare" embryos from being harmed 
by the federal government regardless of what harm may be intended by others in 
the private sector. HHS would reduce current laws against harmful experiments on 
prenatal human life to this: Whenever someone wants to discard or destroy human 
embryos or fetuses instead of allowing them to survive, that very choice excludes 
them from the scope of the law's protection. Prenatal human beings would be pro- 
tected by federal r^ulations only when they are in no need of such protection. 

(2) Misreading the embryo r^earch rider.— HHS's second error arises from a 
misreading of the appropriations rider. The HHS memo narrows its focus to the 
question whether a stem cell is an embryo, as though what had to be done to an 
embryo to obtain the stem cell is irrelevant. The implication here is that, so long 
as federal funds are not used for the specific act of destroying a human embryo, 
such funds may be used for all subsequent research on the resulting cells and tis- 
sues. But this contradicts the plain words of the appropriations rider. It does indeed 
ban the use of federal funds for "the creation of a human embryo or embryos for 
research purposes" (apparently leaving open the possibility that federal funds might 
be used to do life-saving or therapeutic research on an embryo that was already cre- 
ated without federal funds) (Sec. 511(a)(1)). But the provision goes on to say that 
federal funds may not be used for "research in which a human embryo or embryos 
are destroyed, discarded, or knowingly subjected to risk of injury or death . . ." 
(Sec. 511(a)(2)). Clearly, if Congress wished to say merely that federal funds may 
not be used for destroying and discarding embryos, it knew how to say that; instead 
it used this broader phrase that is not used in the parallel clause on creating em- 
bryos. 

How do we interpret the phrase "research in which?" A reasonable reading is that 
federal funds may not be used for research for the purpose of which human embryos 
were harmed or destroyed. Or, that federal funds may not be used for research that 
cannot be done without the prior harming or destroying of human embryos; or that 
such funds may not be used for research if such destruction is part of the research- 
er's protocol.® Only one interpretation is impossible, because Congress went out of 
its way to exclude it— the interpretation that this rider bans only the direct use of 
federal funds for the destructive harvesting of cells itself. That impossible interpre- 
tation i s the one that HHS seems to accept. 

Current Law on Fetai Tissue Research 

HHS notes that "some" of the proposed research may implicate current law on 
fetal tissue research, citing Dr. Gearhart's experiment using fetal tissue from abor- 
tions as an example. Hinted at, but not explored by HHS, is the possibility that 
other proposed experiments— those relying on the destruction of human embryos in 
the laboratory— may also be governed by these provisions. 

In fact, the law explicitly covers tissue obtained from a "human embryo or fetus" 
(42 use §289g-l(g)). And since "fetus" is defined in this area of law to include any 
product of conception from implantation in the womb onward, the separate word 
"embryo" here can only refer to the unimplanted embryo— the embryo in the labora- 
tory. In that case, the word "abortion" in this provision should be construed to in- 
clude the direct destruction of an embryo in the laboratory— for otherwise the word 
"embryo" in the law would have no application whatever. 

If this interpretation is correct— if the use of tissue harvested from embryos in 
the laboratory is governed by current guidelines on fetal tissue research— then such 
tissue cannot be used for federally funded tissue transplantation research. For such 
use would violate the guideline demanding that the "timing, method or procedures" 
for the abortion must not be altered "solely for the purposes of obtaining the tissue" 
for a federal research project (42 U.S.C. §289g-l(b)(2)(A)(ii)). Clearly, the destruc- 
tive method used to obtain stem cells from these embryos— the use of 
immunosurgery to extract the inner cells— is never used to discard "spare" embryos 
in fertility clinics, but is employed solely to obtain usable tissue for research. 


®By these interpretations, both Dr. West's experiment (relying on the destructive harvesting 
of cells from embryos created by somatic cell nuclear transfer [cloning]) and Dr. Thomson's (rely- 
ing on destructive harvesting of cells from "spare" embryos from fertility clinics) are barred from 
receiving federal funds. A mere bookkeeping distinction between funds used to destroy the em- 
bryo and funds used to work with the resultant cells is not suffident. 

i°Among the inadequacies in current compromise provisions on fetal tissue is the inclusion 
of the word "solely" here. It does not adversely affect the issue at hand, but could be used to 
justify federal collaboration with practitioners of the grotesque partial-birth abortion technique 
to obtain brain tissue for research purposes. Since the technique already involves killing a part- 
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To be sure, this guideline's meaning is somewhat unclear, because it refers to in- 
fluencing the timing and method for "terminatfing] the pregnancy." Ordinarily such 
a phrase would not be used to describe the destruction of an embryo in the labora- 
tory. However, one must recall what Congress was trying to prevent by enacting 
this provision. Members had learned of a procedure in Sweden, for example, in 
which the unborn child intended for abortion was killed by suctioning out its brain 
tissue for research on Parkinson's disease, and only afterward expelled from the 
womb. Here, the harvesting procedure was itself the "abortion," in the sense that 
it caused the death of the unborn child. Such abuses were to be prevented in feder- 
ally funded research in the United States by this ban on altering the timing and 
method of abortion. The destructive harvesting of stem cells to cause an embryo's 
death, before it is discarded by a researcher or fertility clinic, provides a very close 
analogy to such abuses which Congress sought to prevent. 

Indeed, this law clearly was intended to permit only the use of tissue that had 
been "obtained from a dead embryo or fetus"— one that died of other causes before 
tissue was harvested (42 USC §289g-l(g)). Even in such cases, the guidelines were 
intended to prevent any influence by researchers upon the decision to abort. The 
idea of using tissue harvested in a way that itself destroys the embryo or fetus was 
not proposed by any member of Congress. 12 

Conclusion 

In short, there is no clear support in any relevant provision of federal law and 
regulations for the HHS opinion on using stem cells from deliberately destroyed 
human embryos— in fact, one can find much that is contrary to that opinion. The 
HHS memo ignores the explicit language of the current appropriations rider on em- 
bryo research: creates its own arbitrary and unsupported approach to defining a 
"human being"; and overlooks the possible relevance of current law on fetal tissue 
to the destructive harvesting of cells from human embryos. 

In a broader view, it seems clear that all these laws and regulations enacted over 
the past 24 years were intended to ensure that the federal government never en- 
courages the destruction of prenatal life as a source for research material. The HHS 
opinion would eviscerate this longstanding policy. Researchers who destroy human 
embryos would receive direct federal rewards for such destruction, since their lethal 
harvesting of tissue would make them uniquely eligible for federal grants for re- 
search on embryonic stem cells. The fact that such economic incentives would re- 
ward such destruction after the fact, instead of being bestowed in advance to pay 
directly for such destructive harvesting, is of no great significance. 

If Congress wishes to insulate its funding of medical advances from the destruc- 
tion of innocent life, there is a simple way to do just that. It should devote its funds 
to stem cell techniques and other promising avenues of research that in no way de- 
pend upon such killing. In that way our government will truly serve all the people, 
by showing that it will not promote the killing of one human being to serve another, 
or the development of treatments that millions of Americans would find it morally 
abhorrent to use. 

(Attachments: Reports of recent developments in alternatives to embryonic stem 
cell research) 


[From the Washington Post, J anuary 21, 1999] 

Patient's Cells May Grow New Organs 
(By Paul Recer) 

A patient's own cells might someday be used to grow new organs— a development 
suggested by a breakthrough lab experiment that found the building-block cells that 
normally make brain tissue in adult mice could be changed into blood-making cells. 


ly born child by suctioning out his or her brain tissue before completing delivery, it need not 
be altered "solely" to obtain usable tissue. Congress has repeatedly voted to make partial-birth 
abortion a federal crime, so presumably did not intend to state a preference for this procedure 
as a source of material for federally funded research. 

iiQ. Lindvall et al., "Human Fetal Dopamine Neurons Grafted I nto the Striatum in Two Pa- 
tients With Severe Parkinson's Disease," 46 Archives of Neurology 615, 616 (J une 1989). 

i^The provision's chief sponsor said: 'This issue . . . is not about abortion . . .This is about 
what happens after an abortion takes place: Will the tissue be discarded or will the tissue be 
used for research . . . ?" (Rep. Waxman, Cong Record, 3/10/93, H1131; emphasis added). Har- 
vesting of embryonic stem cells is not done after the embryo is killed; it is precisely what kills 
the embryo. 
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These so-called stem cells, the foundation source of the body’s tissue, have been 
Identified as a way to make new skin, liver and other organs. But In previous re- 
search the cells were harvested from embryos, a technique that set off a storm of 
ethical objections. 

The new research suggests that even mature stem cells, such as from the adult 
brain or bone marrow, can change Into the progenitor cells for other types of tissue. 
If such a technique also worked In humans, embryos may not be needed for such 
research. 

'You may be able to use your own stem cells to make new tissue," said Angelo 
L. VescovI, head of a team that conducted the mouse experiment. "As a concept, I 
don't see any problem In adult stem cells being used to make new skin, for In- 
stance." 

The research shows "there are alternative strategies" to harvesting stem cells 
from embryos, said Dr. Ronald McKay, a National Institutes of Health researcher 
and a pioneer In stem cell studies. 

Stem cells are the mortar and brick for growing all of the body's tissues. In a de- 
veloping embryo, they produce the cells that become the body parts. After birth, 
some stem cells are specially programmed to replenish some tissues such as blood 
and skin. 

Researchers earlier had Isolated stem cells from human embryos or from aborted 
fetuses, and grew the cells In a lab. When treated with specific proteins, the cells 
began to grow different types of tissue cells. 

That work set off a frenzy of studies. But the research was shadowed by ethical 
concerns because It was thought that only stem cells from embryos retained the 
ability to grow Into a variety of organs. Many groups objected to medical experimen- 
tation with human embryos and Congress forbade federal money for such studies. 

It also led President Clinton to order his National Bioethics Advisory Commission 
to consider the moral Issues of such research. Earlier this week, NIH director Har- 
old Varmus said his agency concluded that research with lab-grown stem cells didn't 
violate the congressional mandate, even though the cells originated from human em- 
bryos. 

But VescovTs work with mice suggests that any stem cell even from an adult can 
be reeducated to make any type of tissue. 

VescovI, of the National Neurological Institute In Milan, Italy, Is senior author of 
a study to be published Friday In the journal Science. 

'This shows that the mature stem cells are a lot more plastic than we Imagined 
. . . they can produce a lot more cell types than was previously thought," said Chris- 
topher Bjornson, a researcher at the University of Washington, Seattle, on the team. 

"A bone marrow stem cell might be able to produce tissue for the brain . . . and 
the skin stem cell might be able to make other cell types," Bjornson said. 

In the experiment, researchers used mouse neural stem cells, which normally 
would develop Into three types of brain and nerve tissue. 

They Injected the cells Into the blood stream of a second group of mice whose bone 
marrow had been killed with radiation. The cells migrated naturally to the void left 
by the killed bone marrow. 

Once there, they transformed from neural stem cells Into blood-making cells a 
complete change from their original role. 

But just what caused the change Is unknown. 

And It's unclear If adult neural stem cells have been Isolated In humans, although 
mature stem cells for Intestines, skin and blood have been Identified, VescovI said. 
McKay said his lab and one other had found mature human neural stem cells. 

Bjornson emphasized that the new work Involves only mice and that "huge steps 
are needed" before stem cell technology can ever be used for humans. 

One key problem Is learning how to direct stem cells to grow a specific organ. Al- 
though researchers at J ohns Hopkins University and the University of Wisconsin, 
Madison, had earlier prompted stem cells to start making a variety of tissue cells, 
the growth was not guided toward a specific cell type. 

If that problem can be solved, researchers believe It's theoretically possible that 
stem cells could be used to grow new livers or skin, make cells to renew a falling 
heart, or replace nerve cells killed by Alzheimer's. 
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[From the Washington Times, J anuary 22, 1999] 


"Master Cells" Offer Repair Kits; Study Suggests They Could be 
Transplanted to Form Tissue 

(By Lee Bowman) 

A new study suggests that adult "master cells" can be transplanted to form a 
number of types of tissue, a capability that could mean humans carry their own 
built-in tissue repair kits. 

Until now, scientists have only been able to experimentally use immature stem 
cells cultivated from embryos and aborted fetuses for such transplants. 

But if the study reported today in the journal Science can be confirmed and ex- 
panded to humans, it could mean that stem cells don't have to come from embryos 
to generate specialized cells. Instead, they can be moved around between different 
organ systems within the body. 

A team led by Angelo Vescovi of NeuroSpheres Ltd. of Calgary, Alberta, and the 
National Neurological Institute of Italy used neural stem cells from the central 
nervous systems of mice in a transplant that allowed them to assume the job of 
bone marrow "master cells" that produce the different varieties of blood cells in a 
second group of mice. 

"If they behave similarly to their mouse counterparts, human neural stem cells 
may provide a renewable source of cells that could be used in blood system recon- 
stitution in various blood diseases and disorders," and potentially other diseases, 
Mr. Vescovi said. 

Normally, the neural stem cells generate replacements for the major cells found 
in the adult brain, neurons and their support cells. Mr. Vescovi and his colleagues 
took some of these cells from one group of mice, genetically labeled them and in- 
jected them into the bloodstream of a second group of rodents whose bone marrow 
had been destroyed by a nearly fatal dose of radiation. 

Once in the blood stream, the neural cells seeded the mice's bone marrow and 
spleen, another point for blood production, and took over the job of the destroyed 
blood stem cells within two weeks and produced a range of blood cells and important 
immune-system cells within 20 to 22 weeks. 

"It took us a while to believe our own data. The tissue of the body has always 
been seen as unchangeable," Mr. Vescovi said. 

As a comparison, researchers injected another group of irradiated mice with do- 
nated blood system stem cells from mice. They, too, took over the job of the stem 
cells that hacf been destroyed, but produced blood cells an average of three weeks 
faster than did the transplanted brain cells. 

'This extra time required suggests that the neural stem cells undergo additional 
steps of fate determination, differentiation and maturation than do the blood stem 
cells" to take over thesamejob, Mr. Vescovi said. 

But that they do eventually adapt themselves to work in a new system means 
that adult stem cells are still versatile and not genetically predestined to work only 
with the brain, blood, skin or intestines, for instance. 

The promise of embryonic stem cells has been that they have the potential to be- 
come any type of tissue within the body as long as they are given the proper genetic 
signals. Scientists haven't yet figured out how to turn that switch by inserting some 
or all of the DNA from the cells that they want to replicate, but it had been as- 
sumed that stem cells from adults were already too set in their ways to assume new 
tasks. 

The new study suggests that reactivating dormant genetic coding in stem cells 
may not require DNA transfers. 


[From the Washington Times, December 29, 1998] 


Scientists Find New Life For Old Cells 

REJ UVENATED TISSUE COULD AID BURN VICTIMS, FEND OFF WRINKLES 

(By Ruth Larson) 

Aging without wrinkles? It could become a reality with a new technique for "im- 
mortalizing" human cells, Texas researchers say. 

Lab cultures of human cells injected with an anti-aging enzyme have lived four 
times longer than their normal lifetimes. More importantly, they have shown no 
sign of developing cancer, as some researchers had feared. 
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"At long last we've learned how to put cellular aging on hold," said J erry Shay, 
professor of cell biology and neuroscience at the University of Texas Southwestern 
Medical Center In Dallas. His research will be published today In the journal Na- 
ture Genetics. 

I ntroducing an enzyme called "telomerase" Into the cells effectively resets their bi- 
ological clocks, enabling them to live and divide like young, vigorous cells. 

'This doesn't mean that we're going to be able to get a whiff of telomerase and 
then live forever," Mr. Shay cautioned. "We're still going to die, because this won't 
solve all our problems. There will still be car accidents and shootings," and health 
problems unrelated to cellular aging. 

Still, the ability to rejuvenate specific cells in the body opens up a dazzling array 
of possibilities. Doctors could grow skin grafts for burn victims using their own skin, 
insulin-producing cells for diabetics, or muscle tissue for sufferers of muscular dys- 
trophy. And yes, they might even help combat wrinkles. 

"Women— and some men— spend lots of money to get rid of wrinkles," Mr. Shay 
said in a telephone interview. As individuals age, their skin cells produce less of the 
connective tissue collagen, so the skin becomes thinner, less elastic and more sus- 
ceptible to wrinkles. 

"Someday it might be possible to take one of a lady's skin cells, inject it with 
telomerase, and rejuvenate her skin so she can make her own collagen again," he 
said. "It's speculative right now, but it's a very real possibility in thefuture." 

The biotech firm Geron Corp., based in Menlo Park, Calif., has been granted the 
right to commercialize the technique. Geron researchers have implanted telomerase- 
treated human cells into mice, to see if they would form tumors in the animals. 
They did not. 

"Even though they were immortalized, these cells behaved just like normal cells," 
said Calvin Harley, Geron's chief scientific officer. The cells responded to normal 
growth r^ulators that prevent runaway cell growth. 

Geron is looking into several possible gene therapy applications, but Mr. Harley 
stressed that human applications could be years away, and only after their safety 
and effectiveness are proved. 

Nevertheless, the Texas researchers say they have crossed a major hurdle toward 
such clinical applications, now that they have shown that the technique does not 
transform healthy cells into cancerous ones, as some critics had initially suggested. 

Unlike most normal cells, which have finite lives, cancer cells can divide and re- 
produce indefinitely. One of the markers for cancerous activity is the enzyme 
telomerase. 

"All cancer cells have figured out a way to become immortal," Mr. Shay explained. 
"Because of that, some researchers have mistakenly taken that to mean that if cells 
are immortalized, they will become cancerous." 

Cancer, he said, is like a runaway car: 'The brakes are malfunctioning, the accel- 
erator is stuck, the steering wheel is coming off in your hands, and you have a full 
tank of gas." 

By contrast, aging cells are like a car that has simply run out of gas. "All we've 
done is to put a little fuel in the gas tank; the brakes, the accelerator and the steer- 
ing wheel are all still OK." 

'Telomerase won't cause cancer; it won't lead to cancer," he said. 

Mr. Shay's colleague. Woodring Wright, said, 'The abnormalities seen in cancer 
cells are due to other mutations; telomerase merely allows the cells to keep divid- 
ing." 

Indeed, further research might help scientists find a way to inhibit the telomerase 
enzyme in cancerous cells. 'That could be a potent anti-cancer agent, because it 
would mean the cancer cells couldn't divide," Mr. Shay said. 

In January, Mr. Shay and his colleagues showed that structures called 
"telomeres"— short pieces of DNA at the ends of chromosomes— are the biological 
timers that govern how many times a cell is programmed to divide in its lifetime. 

Each time a cell divides, its telomeres shorten, like the fuse of a lighted fire- 
cracker. When the telomeres run out, the cell begins to die. 

"It's very clear that telomeres are the key timing mechanism," Mr. Shay said. 

But adding the enzyme telomerase to cells actually lengthens the telomeres, effec- 
tively giving them a new lease on life. Mr. Shay uses the term "immortal" to mean 
that a cell has lived at least twice its normal lifetime. 

One promising application is producing healthy human cells for use in developing 
and testing new drugs, or screening for genetic diseases. A single, healthy human 
cell, dividing indefinitely, could provide an unlimited supply of cells, thereby reduc- 
ing the number of animals required for lab experiments. 

'This is literally changing the way we study various diseases," Mr. Shay said. 
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[From the New York Times, J anuary 22, 1999] 

Cell Experiment Offers Hope For Tissue Repair 
(By Nicholas Wade) 

In a bizarre experiment that demonstrates the surprising plasticity of the body’s 
cells, scientists have converted mice's brain cells into blood cells. 

The transformation has medical significance because if the human body's tissues 
should prove to be as interconvertible, patients' tissues might be repaired from their 
own cells. 

The result in the mice was obtained with neural stem cells, which have the ability 
to form the three main types of cell found in the brain. Each organ of the body is 
thought to have its own brand of stem cells that generate all the organ's specialized 
cell types. 

But until now, the stem cells were thought to be committed to their own organ 
type and unable to cross over. 

A team of Italian and Canadian scientists, led by Angelo L. Vescovi of the Na- 
tional Neurological Institute in Milan, has now found that the neural stem cells can 
metamorphose into the blood-making stem cells of the bone marrow. 

Dr. Vescovi's team gave mice sublethal doses of radiation to destroy their own 
blood-making cells, and then injected neural stem cells from other mice whose cells 
carried an identifying genetic tag. The neural stem cells found their way to the 
mice's bone marrow and started producing various types of blood cells bearing the 
genetic tag of the donor mouse, the scientists report in today's issue of Science. 

The conversion of neural stem cells into blood cells is particularly surprising be- 
cause brain and blood come from different germ layers created in the early embryo. 
Almost the first visible structures in animal embryos are three primary sheets of 
cells, known as the ectoderm, mesoderm and endoderm, from which all the tissues 
of the adult body develop. The brain develops from the ectoderm and blood from the 
mesoderm. Dr. Vescovi's work defies the widely held assumption that cells in the 
three lineages are permanently committed to their fate. 

"It is that trinity that is now being challenged," said Ronald McKay, a brain cell 
expert at the National Institutes of Health. Dr. McKay said the new result showed 
that differentiation, the commitment of a cell to a specific fate, is not irreversible. 

Dr. Vescovi said he did not know the chemical signals to which the neural stem 
cells were responding but assumed they were influenced by local cues in the dev- 
astated bone marrow calling for more cells. 

Biologists who work with stem cells hold high hopes for using them in medicine. 
Stem cells, after all, are the natural source of new cells when a tissue needs to re- 
pair itself. 

The human embryonic stem cells whose first isolation was reported last November 
have been seen as a promising source of new tissue. The embryonic stem cells can 
give rise to all 250 cell types of the body and in particular to the lower-level stem 
cells that generate each organ of the body. 

But there are ethical considerations in using embryonic stem cells because the 
cells are derived by destroying an embryo. Also, the cells would not be 
immunologically compatible with a patient unless manipulated in ways that have 
yet to be devised. 

Dr. Vescovi's work suggests that ordinary stem cells, from the skin or blood per- 
haps, could be acquired from the patient, thus avoiding any immune rejection prob- 
lems. 

"We think you can use skin stem cells to make other cells," Dr. Vescovi said. If 
so, skin stem cells could be harvested from a patient, and inserted into the bone 
marrow to make blood cells. 

Dr. Vescovi believes a new branch of medicine is about to develop from stem cell 
biology. 'The resource to heal a sick body lies in the body itself," he said. 

The recent cloning of animals like mice and sheep is also an example of the new 
plasticity being recognized in cells. In those cases, the nucleus of a fully specialized 
cell was reprogrammed after being inserted into an egg cell. In Dr. Vescovi's work, 
the body’s own local signals apparently converted the neural stem cells to a new 
role. 

The plasticity of all these cells is possible because every cell contains a full set 
of the human genes or genome. Each type of cell presumably activates its own sub- 
set of genes, with all the others being switched off. 

Biologists have long assumed the off-switches were put in place early in an orga- 
nism's development. It now seems that the state of a stem cell's differentiation is 
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more of a dynamic matter, depending on whatever mix of signais it receives in its 
iocai environment. 

Stem ceiis have become accessibie to study oniy in the iast 10 years or so. Distin- 
guishing them from other ceiis required finding markers on their ceii surface for 
which an immune-based tag couid be developed. Once isolated, the cells have proved 
extremely unstable, either dying or developing into specialized cell types. In the 
body, their behavior is determined by the many cells surrounding them, a fact that 
must betaken into account in cultivating them. 


[From CNN Interactive, November 9, 1998] 


Heart Researchers Replace Blocked Vessels by Growing New Ones 

Doctors and researchers meeting at the American Heart Association's annual con- 
ference are considering an experimental treatment called angiogenesis, in which sci- 
entists use either medication or gene therapy to grow new blood vessles in the 
heart. 

As with most experimental treatments, researchers caution that it's still too early 
for heart patients to get excited about the process. 

But some patients already have experienced positive results. 

Take real estate developer Gil Gilman. 

"I could not walk across the street without suffering heart pains or angina," Gil- 
man said. Standard drug treatments, bypass surgery and angioplasty were not suc- 
cessful in ending his pain. 

Then doctors at Emerory University in Atlanta offered Gilman angiogenesis. Since 
the treatment, Gilman said, he's gotten stronger, and can "go back to doing basically 
anything I want to do." 

Emory researchers have done safety tests of their angiogenesis procedure on 58 
patients and say they are pleased with the results. 

But scientists say the treatment is still in the early stages of development. One 
concern is that new blood vessels could grow in places where they are not wanted, 

I ike the eyes and kidneys. 

Encouraging results from Tufts study 

A team at Tufts University in Boston use gene therapy on 16 male patients with 
severe blockages. Researchers told the AHA meeting Monday the men had less chest 
pain after the treatment and had to take fewer drugs. 

The treatment involved injecting a gene that controls production of VEGF, or vas- 
cular endothelial growth factor, which instructs the body to grow new blood vessels. 

The 16 volunteers, aged 53 to 71, all had suffered heart attacks. All had blocked 
arteries, and all had had either bypass surgery or angioplasty to stretch open their 
clogged blood vessels— many of them several times. 

Yet each time the blockages came back. Most of the men had such bad chest pain 
they could not live normal lives. 

After having the VEGF injected into their hearts, all but one of the patients re- 
ported the reduction in chest pain was "marked," starting just 10 days after treat- 
ment. 

Again, researchers stressed that more research is needed, but they said the poten- 
tial for treatment is huge. 

Dr. J effrey Isner said about 250,000 patients a year have ischemia, or blocked 
blood flow, for which bypass surgery, angioplasty or drugs have not worked. 

"For these patients there is currently no other treatment option," he told a new 
conference. 

Surgeon says valve repair can extend lives 

Also at the AHA meeting Monday, University of Michigan surgeon Steven Bolling 
said surgical repair of a heart valve can greatly extend survival rates for patients 
with congestive heart failure, which claims about 250,000 lives each year in the 
United States. 

Bolling developed the new procedure as an alternative for patients whose only 
other hope was a heart transplant. 

CELLS ARE UNITS OF ORGANISMS— ORGANISMS ARE UNITS OF LIFE 

Senator Specter. Thank you, Mr. Doerflinger. 

Dr. Rabb, the opinion which you have rendered focuses on the 
proposition that, while cells are units of organisms, organisms are 
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units of life. Except for unicellular life, a cell does not equal an or- 
ganism, which is recognized as an animal or plant, not a collection 
of unicells but a multicellular cooperative with the emergent prop- 
erties of a whole organism. 

Now, in that context how would you respond to what Mr. 
Doerflinger said, that stem cells may re-cogenerate into what could 
be a whole organism? Is that a possibility? 

Dr. Rabb. I cannot respond on the science. Senator Specter. The 
question that was asked of me was whether, if one were dealing 
with an entity that was not an organism, would one violate the 
human embryo ban, and the answer to that is no, one would not 
violate the ban if one were doing research with an entity that was 
not an organism. 

If the question is whether one can do research with an organism 
that would otherwise be subject to the human embryo ban, the an- 
swer then again would be no, one could not do such research. But 
the science was not in my domain, the law was; and we did not cre- 
ate our own definition of an embryo. The definition we used was 
the one in the statute. As Senator Harkin pointed out, the statute 
defines "human embryo" in terms of an organism, and that was the 
question for my office. The answer we found through science was 
that these stem cells, not being organisms, are not subject to the 
ban. 

Senator Specter. So when Mr. Doerflinger says that the destruc- 
tive harvesting of embryos is indispensable, would your response be 
that stem cells can be obtained for this kind of research without 
the destructive harvesting of embryos? 

Dr. Rabb. That is a science question again. Senator Specter. 
What I can say is that, however derived not using Federal funds, 
once derived stem cells are not organisms and therefore are not 
subject to the ban. 

Senator Specter. Well, since it is a science question. Dr. 
Varmus, you enter center stage here. Is it possible to have these— 
acquire these stem cells for the research without having the de- 
structive harvesting of embryos? 

Dr. Varmus. At this point. Senator, no. The cells derived from 
embryos do require the destruction of the embryo. Obviously, in 
derivation from fetal tissue the tissue comes from a fetus which 
has already died. 

Let me make a point about the issue that Mr. Doerflinger raised 
with respect to whether pluripotent stem cells in culture can be- 
come organisms. It is true that sometimes these cells can aggregate 
and may appear like one of the early phases in the development 
of a normal embryo. But to my mind nothing would be less ethical 
than to attempt to ascertain whether or not this was indeed a pre- 
cursor to an organism, a viable embryo; that that would require re- 
turning that mass of cells to a uterus to ask whether it had poten- 
tial to develop into a fetus and a newborn, and the prospect for de- 
veloping a severely impaired individual would be enormous and to 
my mind a reprehensible means of doing research. 

Senator Specter. Dr. Rabb, you made a comment that, except for 
the unicellular life, a cell does not ^ual an organism. Would you 
explain what you mean by the exception of the unicellular life. 
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Dr. Rabb. I am going to try. This gets to be science again. An 
organism is, as it has been explained through the science, is an in- 
dividual constituted to carry out all life functions. There are some 
unicellular animals. For those animals, the full potential of their 
lives inheres in a single cell. We are human beings. It is the com- 
plex interrelationship of all of the human systems that make up 
the organism. 

Senator Specter. Dr. Varmus, I have one final question for you. 
When Mr. Doerflinger makes the point that we have ignored other 
new developments which might lead us to the same avenues as 
stem cells, are you pursuing the kinds of lines of inquiry that Mr. 
DoerfI i nger suggests at N I H ? 

Dr. Varmus. Absolutely, Senator. I am glad you brought that up. 
Many of us were pleasantly surprised by the report that appears 
in "Science" this week, a copy of which I have given to your staff, 
that shows that stem cells taken from the mouse brain and grown 
in culture can be returned to a mouse and produce blood cells. 

This indicates a level of plasticity that was unexpected and of 
course a very promising area of research. But I must emphasize, 
this is one report carri^ out in one way with one strain of mice. 
Whether this formulation or this approach will be applicable in 
other strains of mice, other animals, with other types of cells, 
whether we can identify what is responsible for reprogramming the 
cell, all matters of conjecture. 

My view is, yes, we should be pursuing this and many other lines 
of investigation with relation to many kinds of stem cells. But to 
say that we should put our eggs in one basket and not in all the 
available baskets would be a serious mistake. 

Senator Specter. So you are saying that NIH has eggs in those 
other baskets? 

Dr. Varmus. Absolutely. 

Senator Specter. Senator Harkin. 

Senator Harkin. Thank you, Mr. Chairman. 

Mr. Doerflinger, I was just reading an article you had written 
here for the "National Right to Life News" which I found inter- 
esting. Let me just ask you, in vitro fertilization is not illegal, is 
it? 

Mr. Doerflinger. No. 

Senator Harkin. Is it immoral? 

Mr. Doerflinger. In Catholic teaching there are moral problems 
with it, yes. There is a good bit of research, however, involving in 
vitro fertilized embryos that is illegal in various States. 

Senator Harkin. I do not think the church has taken a position 
that an infertile couple cannot engage in in vitro fertilization. I do 
not— maybe I am wrong. 

Mr. Doerflinger. Catholic teaching does not accept in vitro fer- 
tilization as a solution for infertile couples. It urges them to pursue 
fertility treatments that will help their sexual union to be pro- 
creative if that is what they want, rather than to substitute a lab- 
oratory procedure for that. 

Senator Harkin. Well, I will have to check, but I did not think 
that they had taken an absolute position against in vitro fertiliza- 
tion. So I have in vitro fertilization 

Mr. Doerflinger. I am pretty close to that situation. Senator. 
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Senator Harkin. Huh? 

Mr. Doerflinger. Working for the National Conference of 
Catholic Bishops, I am fairly close to that situation. 

Senator Harkin. Well, I am sure you would be. I would hope so. 
But I still, I did not think that th^ had taken a position that said 
that you cannot use in vitro fertilization. Maybe I am wrong. I do 
not know. 

Mr. Doerflinger. I will be glad to send you the document on it. 

Senator Harkin. Am I wrong? Have they taken an absolute posi- 
tion on it? 

Mr. Doerflinger. I never like to say that up front to a Senator, 
but I think so. Senator. I will send you the documents on it. 

Senator Harkin. Well, I do not know. I mean, you are the au- 
thority on that. I do not know. Send it to me. 

Mr. Doerflinger. Among the concerns that have been raised be- 
yond the Catholic Church about the procedure is the prospect for 
abuses to the embryos that come out of the procedure, the culling 
of high quality embryos, the discarding of embryos, the selective re- 
ductions that are proposed when too many of the embryos implant. 
These are al I part of the 

Senator Harkin. So we have got in vitro fertilization. At least it 
is not illegal. We have a lot of it going on, and obviously there are 
a lot of leftovers that are frozen. What happens to them? 

Mr. Doerflinger. Some are frozen indefinitely. Some are ulti- 
mately used for later attempts at having a child, and some are ex- 
perimented upon and some are thrown away. 

Senator Harkin. Some are destroyed. Well, if in fact this is not 
illegal and they are in fact, some are destroyed, why not use them 
to get the pi uri potent cells that we need to do the kind of research 
that may help us in the future alleviate human suffering? I do not 
understand why we cannot do that. 

Mr. Doerflinger. Well, Senator, I think that is the question 
that we explored a little bit at the last hearing. There are lots of 
things that go on in the private sector that are going to go on any- 
way that Congress has decided not to add its encouragement to by 
giving Federal funds, abortion being an excellent example. It is not 
only legal— I mean, it is more legal than destructive embryo re- 
search, which is a felony in several States. It is defined as a con- 
stitutional right. But Congress has decided we are not going to use 
Federal funds to give our endorsement to it. 

I think you could just as well say, if you are walking down the 
street and you find a bunch of big tough guys beating up an old 
man, the question arises whether before they are done with him 
you could take his liver because you need it, thus killing him a lit- 
tle earlier. I do not think whatever somebody else is doing out 
there in the private sector that they are going to do anyway has 
much influence on what Congress has to decide in its policy deci- 
sion on what to promote. 

See, in this case, this is not a case analogous to the fetal tissue 
situation where the abortion has been done and, as Henry Waxman 
said in 1993 in the House floor, the only question left is whether 
to throw away the tissue that is left after the fetus is dead or make 
use of it. Here is a case where the researchers' harvesting proce- 
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dure does the destruction itself. That is a very different moral 
proposition. 

Senator Harkin. But it is going to take place, as I said, anyhow. 

Mr. Doerflinger. It is going to take place anyway. Senator, you 
and every other Senator in the Senate voted in 1997 to reject Fed- 
eral funding of euthanasia, even though all of those people are 
going to die pretty soon anyway. But it makes a difference whether 
they are going to die of some other cause or whether the govern- 
ment is going to help kill them. 

Senator Harkin. Well, as you said here in this article, you said 
that such experiments that we are talking about here create new 
human life. I thought we got through that. Organisms, these are 
not organisms. They cannot develop into full human life. Every sci- 
entist I have ever asked that question to says that. Yet you seem 
to want to bring it back across that boundary line again, and I just 
do not understand that. 

Mr. Doerflinger. I think what I was saying. Senator, was there 
is a factual uncertainty about one of these experiments. Dr. 
Gearhart's, which can be settled in a factual way. It is an uncer- 
tainty he himself has. The answer that Dr. Varmus has given is 
intriguing, because if we really do not know and there is no ethical 
way to find out, that might answer the question in the direction 
of saying we cannot fund it then. 

But my broader question was simply that HHS gave an answer 
to that question which is probably right as far as it goes, but it is 
the wrong question, because the embryo research rider was not in- 
tended only to say that you cannot use Federal funds for the de- 
structive act itself. It was designed to prevent Federal funding of 
an entire research project in which these are destroyed, even if 
they are destroyed with private funds. 

Senator Harkin. Well, I disagree with that interpretation. I ada- 
mantly disagree. That may be your interpretation. I do not believe 
Congress— you would have to show me report language or anything 
else that indicates that we intended it to be that broad and that 
encompassing. I do not believe that. 

Mr. Doerflinger. You have two clauses there right next to each 
other. The first one says you cannot use Federal funds for creation 
of embryos. If your interpretation is right, I cannot think of a 
blessed reason why they did not just say Federal funds cannot be 
used for destroying embryos. They did not say that. Instead they 
said— they used an entirely different phrase right next to the first 
one saying, cannot be used for research in which embryos are de- 
stroyed or discarded. 

Now, that cannot mean the same thing as the first clause be- 
cause it is very deliberately written more broadly. 

Senator Harkin. I have to think. You lost me on that one. 

Mr. Doerflinger. If you want to rewrite the rider, then we can 
have a debate about that. 

Senator Harkin. This is it right here. "None of the funds made 
available by Public Law 104-91 may be used for: [1] the creation 
of a human embryo or embryos for research purposes or [2] re- 
search in which a human embryo or embryos are destroyed, dis- 
carded, or knowingly subjected to risks of injury or death greater 
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than that allowed for research on fetuses in utero under 45 CFR," 
etcetera. 

"For the purposes of this section," I will read one more time, "the 
phrase' human embryo or embryos' shall include any organism not 
protected as a human subject under 45 CFR 46 as of enactment of 
this act," etcetera, etcetera, etcetera. 

Now again, I think that is the essence of the finding at FI FIS. It 
is clear that these are not organisms 

Mr. Doerflinger. That the stem cells are not organisms. 

Senator FIarkin (continuing), and as such cannot be covered by 
that law, Mr. Doerflinger. Now, if you want to change the law 

Mr. Doerflinger. I am not talking about the stem cell being an 
embryo. I am talking about the stem cell that you have to kill to 
get the stem cells 

Senator FIarkin. Wait a minute. 

Mr. Doerflinger [continuing], as an integral part of that re- 
search protocol. 

Senator FIarkin. You are saying stem cell you have to kill to get 
the stem cells. I do not understand that, what you just said. You 
said the stem cell you have to kill to get the stem cell. 

Mr. Doerflinger. No, I said the embryo you have to kill to get 
the stem cells. The stem cells are simply the inner cell mass of an 
embryo. The way the stem cells is obtained is by doing microsur- 
gery on an embryo and sucking out the inner cell mass to provide 
stem cells for culture. 

What I am saying is the destruction of that initial embryo in two 
of the three experiments we are talking about, because Dr. 
Gearhart's experiment is using fetal tissue, but in Dr. West's and 
Dr. Thomson's experiments an integral part of the research pro- 
tocol is you must arrange for these embryos to be destroyed by the 
harvesting of these cells. It is not after the embryo is dead. It is 
what kills the embryo. It seems to me that that is what Congress 
was intending to prevent. 

Senator Specter. Senator FIarkin, do you have further ques- 
tions? 

Senator FIarkin. No, thank you very much, Mr. Chairman. 

Thank you, Mr. Doerflinger. 

Senator Specter. Thank you. 

Senator FI ol lings. 

Senator FIollings. Would you care to comment. Dr. Varmus. 

Dr. Varmus. I think the point is the law to our minds reads quite 
clearly, and it is not our job to try to discern intent when intent 
is not described by report language or other means of discernment. 
So our view is that there is a very clear distinction to be made be- 
tween research in which stem cells that have been developed in one 
laboratory by one procedure are then used by other investigators 
to support other kinds of research that is not research in which an 
embryo, an organism, is subjected to risks greater than those that 
are dictated by other statutes. 

Senator FIollings. Thank you, Mr. Chairman. 

Senator Specter. Thank you. Senator FIollings. 

We are now slightly past 10 o'clock, so we are going to have to 
adjourn. We thank you very much for coming again today, and this 
is obviously going to be an ongoing matter of great public interest 
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as we pursue the steps which are set up. We appreciate your par- 
ticipation, Mr. Doerflinger, to give us your analysis. You have im- 
munity here when you criticize Senators. You can say Senators are 
wrong. That comes under 

Senator Hollings. We hear that every day. 

CONCLUSION OF HEARINGS 

Senator Specter. Senator Hollings is accurate about that. But 
you have a privilege to make those statements. We are here to 
have an exchange, and we appreciate your incisiveness and your 
study and your knowledge of the field. 

We thank you. Dr. Varmus, Dr. Rabb, and Dr. Meslin, and stay 
tuned. Thank you all very much for being here, that concludes our 
hearing. The subcommittee will stand in recess subject to the call 
of the Chair.] 

[Whereupon, at 10:02 a.m., Tuesday, January 26, the hearing 
was concluded, and the subcommittee was recessed, to reconvene 
subject to the call of the Chair.] 
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